UNCLASSIFIED 


0 


l^epAoduced 
kijr  ilte 


f 


ARMED  SERVICES  TECHNICAL  INFORMATON  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


UNCLASSIFIED 


I 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  nhan  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


Best 

Available 

Copy 


'■'STCS  0* 


niXiHfiiiiriHF 

iKKlMliif  *1*114 

Inn 

STANDARD  PROCEDURE  FOR  TESTING  INFRARED  DETECTORS 


AND  FOR  DESCRIBING  THEIR  PERFORMANCE 


•  * 


♦ 


Prepared  by 


Dr.  R.  Clark  Jones,  USA 
Dr.  Deryck  Goodwin,  UK 
Dr.  George  Pullan,  Canada 


Office  of  Director  of  Defense  Research  and  Engineering 
Washington  25,  D.  C. 


12  September  1960 


PREFACE 


For  some  time  there  has  been  concern  over  the  lack  of  homegeneity  in  the 
technical  data  reported  on  infrared  detectors.  To  ensnre  that  such  data  are  obtained 
under  the  same  conditions  and  reported  in  a  Lmiver.3ally  acceptable  manner,  the  de¬ 
velopment  of  a  joint  \t  of  standards  on  infrared  detector  measurements  was  con¬ 
sidered  to  be  highly  Tsirablo. 

A  wor.oin  j  anoi  cun.p'oscd  of  renre-sentatives  from  the  United  States,  the 
United  Kingdom,  at;-d  Canada  v.’a.s  therefore  established  to  prepare  a  joint  standard 
on  infrared  detector  mea.s uremier.ts.  The  panel  was  requested  to  propose  specific 
tests  for  irirared  detectors,  star.dard  test  conditions,  .standard  units  of  measure- 
m.ent,  and!  a  .stai/iarn  n.ethod  of  presenting  the  te.st  results. 

Member.;  appointe  i  to  tin.i  wcrki'.g  pa’.ol  wore: 

:~.r  tile  U:.itcd  States 

Chairman:  Jr.  •■!.  Clark  Cones 
Polaroid  Corooration 
7S0  Main  Street 

Can.:  ridge,  Massachusetts,  USA 


r  tile  United  Kings sm 

Tr.  Ceryck  V/.  joodv.dr. 

-Royal  Radar  Esta.blishtr.e:.t 
Croat  Malveri.,  Worce;5tershire 


rm.’  Ca:.ada 

Dr.  Seorge  T.  P  .ilar. 

Ca:,aiiar.  Armament  Research  and 
De vel  op  rn  er. t  E  s  tablishm  e  n t 
P.  :.  Bex  1427 
Quebec,  P.  Q. ,  Canada 

The  v/orking  panel  decided  to  e.xclude  from  the  star.dard  any  consideration  of 
the  m.eans  for  measuring  and  describing  the  nonlinea.r  propertie.3  of  detectors --the 
properties  that  describe  the  lack  of  proportionality  of  the  electrical  output  to  the 
radiation  input.  Also  excluded  from  the  standard  is  the  specification  of  any  par¬ 
ticular  miodulation  freq  lency  or  any  particular  black-body  temperuture. 

With  respect  to  a  particular  modulation  frequency,  the  position  adopted  is  that 
a  knowledge  of  the  v.'ay  the  responsivity  and  detectivity  depend  on  frequency  is  an 
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essential  part  of  the  description  of  the  detector  td'.  that  a  statement  of  the  perr,:"m- 
ance  for  all  detectors  at  tlie  same  modulation  frequbn:,/  apt  to  be  misleading. 

With  respect  to  a  particular  black-body  tempers  t..  ire,  the  position  adopted  ii 
that,  important  as  black-body  sources  are  in  establisliir/i  the  absolute  calibration 
of  the  responsivity  and  the  detectr/ity,  the  user  desires  information  on  the  depend¬ 
ence  of  these  quantities  on  the  yyavelength  rather  than  on  the  black-body  temperature. 
A  plot  similar  to  that  in  figure  3  of  Appendix  A,  in  which  the  abscissa  were  the 
black-body  temperatures  of  the  .sources,  would  be  ^  u''  dul  addition  to  the  descriptive 
curves,  but  such  a  plot  would  not  be  an  acceptable  sut.'-ti.  ’.Le  for  this  figure  3.  The 
position  is  that  a  statement  of  the  performance  for  :i.u.  detectors  at  the  same  black- 
body  temperature  is  apt  to  be  misleading. 

The  measijremont  of  the  absolute  respomsivity  as  a  function  of  the  wavelength 
atvi  frequency  involves  the  use  of  a  blackbody  v/nose  absolute  radiance  must  be 
known  and  of  a  thermal  d.ot-rctor  whose  relative  absorptance  must  be  known  as  a 
function  of  the  wavelength.  The  opinion  of  the  members  of  the  working  panel  is  that 
the  accuracy  with  which  these  propertie.3  can  now  be  measured  is  not  fully  satis¬ 
factory.  Further  research  is  needed  to  establish  reliable  basic  standards  for 
measuring  the  absolute  re.scoi.sivity  of  deto'^tor.'';. 


The  working  panel  loeT:  that  .since  the  field  of  infrared  detectors  is  rapidly 
evolving,  the  methods  recomirnemied  in  this  .stat.dard  are  .Jnlikely  to  long  remain 
the  best  procedure.s.  The  workir.g  ;.  a-.el  rocorm.-.ends,  therefore,  that  the  task  of 
revising  this  standard  bo  beg-.n  1  Jan. ‘.ary  iPb.F,  the  revision  to  be  completed  by 
21  Decon’.ber  10d3. 


Ar.ycv.e  wh :  n:ay  have  sug  je.;tii 
the  m.en.bcr  who  rosre.oents  Ills  co  ;;.trv 


:.r  the  1..",'5  revision  .oho  dd  .send  -.hern  to 
on  the  working  panel. 
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1.  INTRODUCTION 


] .  1  Purpose. 

The  purpose  of  this  standard  is  to  reconrn'.end  the  kind  of  tests  to  be  made  on 
infrared  detectors  and  the  mar.ner  of  presenting  the  test  results,  with  the  following 
two  major  aims: 

(1)  The  n-.ethod  of  presentation  snail  be  sncri  that  reports  of  any  testing 
laboratory  wall  be  in. mediately  intelligilile  to  infrared  vyorkers  in  all  three  countries. 

(2)  "fhe  test  I’OSalts  shall  have  ma;-:imum  utility  for  the  users  of  detectors. 
Tests  primarily  of  interest  to  the  manufacturers  of  radiatio:';  detectors  are  not  con¬ 
sidered  heroin. 


This  .-Jta;'.dar:i  i.s  intended  pr 
infrared  dc-toct'r.s  tliat  prevido  a  ■; 
re.sponsive  area,  dhu.:,  devices  s. 
specifically  c::.sidoru  i  it.  this  obi: 
discussed  :a;.  be  used  to  descriis' 


marity  t:  i.ncl  :de  all  comt.non  types  of  visible  and 
>'fnl  n.eat;  :re  of  the  total  radiation  incident  on  the 
;c;i  a.s  itnago  t:bes  and  mosaic  detect.ors  are  not 
iard,  altho.:g:i  t.nar.y  of  the  parameters  herein 
.ivi  perforti.a.nce  of  such  devices. 


The  indet.t  -f  titis  stat.darJ  is  that  e 
ficient  data  w.'ii:  :  o  ;  rosontod  to  t  ern. it  a 
detector  in  a  parti^  dar  applicatin:.. 


.0  ah’!  ijieas...rement5  'will  be  m.ade  and  suf- 
mor  to  estimate  the  performance  of  a 


dince  th's  star.:iard  is  con” 
tinuc..s  function  of  tlio  radiant  i  .p 
that  are  operated  for  countit.g  inu 


.'inteJ  c.-.ly  v;it;i  detcctor.s  Vv’hose  output  is  a  con¬ 
ut,  device,':  s  tch  a.'u  cooled  multiplier  phototubes 
ivid..ai  phetm.G  ar-  excluied. 


Also  excluded  is  any  consideration  of  (1)  the  nonlinear  properties  of  radiation 
detectors --that  is,  the  properties  that  describe  the  lack  proportionality  of  the  elec¬ 
trical  output  to  the  radiation  input--and  (2)  deteemrs  whose  output  is  not  electrical. 


I  I 


2,  DEFINITIONS 

2.  i  The  Detector  and  Its  Components. 


2. 1. 1  Detector:  The  word  ''detector"  is  i:;3ed  in  this  standard  to  denote  a 
device  that  provide:;;  an  elr-ctric  output  that  is  a  useful  nteasure  of  the  radiation  in¬ 
cident  on  the  device.  It  is  intended  to  include  not  only  the  responsive  element,  but 
also  the  physical  mounting  of  the  retuponsive  element,  as  well  as  any  other  elements 
--such  as  v/indows,  area-limitinpf  apjertures,  Dewar  flasks,  internal  reflectors, 
etc.  --that  form  an  intetjral  part  of  the  detector  as  it  is  received  from  the  manu¬ 
facturer.  If,  as  an  integral  part  of  the  device,  the  manufacturer  includes 
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equipment  for  aniplification  or  impedance  transformation,  then  the  term  detector 
applies  to  the  combination  of  the  responsive  element,  the  other  elements  listed  in 
the  foreijoing  sentencf^,  and  the  amplifier  or  transformer. 


2.1.2  Responsive  Element:  The  term  "respon.sive  element"  indicates  that 
part  of  the  detector  which,  when  radiation  fall::  on  it,  undergoes  a  change  in  physical 
proportie.'^  that  result:  in  an  electrical  signal. 

2.1.3  Individual  Detector:  An  individual  detector  is  a  single  sample  of  a 
given  type  of  detector.  Ar  ex.ample  is:  indium  antimonide  ceil  No.  3483  manufactured 
by  X  Corporation. 

2.1.4  Typo  of  Ibetoctor:  A  typo  of  detector  is  a  class  of  individual  detectors 
that  liavG  one  or  more  reievar.t  properties  in  con.mo.n.  Examples  are:  heat  detectors, 
bolorr:et=irs,  thern;i.sto'‘  bolsnioLor.;,  photocoriductive  cells,  lead  sulfide  photocon- 
duclive  ceils,  ovaporatoo  le.ad  .sjlfide  photoconductive  cells  with  evaporated  gold 
electrodes  mounted  in  ;;t:u’.ii,-;;.:  ide.-i  cap.sules  having  silver  chloride  window's. 

2.2  ITe  Radiatio::  h  ■id-n  t  ■.  ti:.,  :t  -r. 

This  seciior.  i.;  •  ny''''r:;('  i  P'rii.nari'.y  with  the  mdiation,  not  with  the  detector. 

The  radiati  i.e'd  Jo  .t  a  detector  i::  characterized  by  the  distribution  of  the 
radia:;t  r.ow''  r  with  r-  s.oe.-l  t.  wave! o;- nth,  mod  :latio;:  frequency,  position  on  the 
renpciisive  oioc.t  :.t,  a;.'i  th'  iire  •lie;,  of  arrival. 

(I)  ~ho  !  jwer  L:r:t  iio'Tu.hc.'-'j  .sly  incidm.t  on  the  responsive  element  of 
a  detect  r  Is  do;..)l-;  i  I  a:. ;  is  :;.--as  ire  i  watts. 


(2)  The  O'Ower  l  or  ar^'-a  inr-i  i-  :.t  s::  the  r’?::po;!sive  element  of  the  aetec- 

t)!’  is  calle.i  th';  Irra  ii:;::  i;  an  i  n.'^^a.;  .rt'd  i:.  watts  I'Or  square  centimeter. 

(3)  I;;  tc;:tir.;!  ra diati  'tor.;,  ■  causes  to  be  inciderd  on  the  responsive 

piano  '■f  th-;-  d-c-Loclcr  a  s,i :  w-m  the  radiation  is  uj.iforrnly  incident 

on  the  rtc.cpcu'.siv-;  pla;.-'  ■:  th--  J-T':/  ■to-,  th-^  radiation  can  be  described  also  in  terms 
of  the  sigTcii  irraciar  I:,;,  '"h-.-  signal  pevs  r  i;;  usually  modulated  by  a  chopper. 

(4)  T-iO  an.irlent  pew-.-r  a:si  the  andhent  irradiance  Hg_  describe  the  steady 
radiatio.",  in  dsput  o;.  thp  d-eiector.  Exan.t.les  are:  radiation  emitted  by  the  mounting 
and  the  -.viiyJow:;  a:.;  sL-''ady  radiation  arlcinj  ouL;:-ide  of  the  detector.  It  is  usually 
n-ct  feasible  to  c.abe  th-'  a;;.i)io:.t  radiation  nor  .. 

(b)  Tiio  ; '  -.v-jr  a:s:  the  ambient  power  are  completely  described  by 

stating  the  -lii-clributio;.  ■:>:  tie  '  i..cii-'nt  power  v/ith  ru::pect  to  radiation  wavelength 
n,  mn,iulatioi.  freq;or.cy  f,  p-jsition  -uGordiiiates  y  on  the  adopted  responsive  plane 
(see  :cectio:i  2,  4)  a:!d  angular  coordinate.;  . 

(a)  The  radiatio;-!  w-avelength  •  is  the  -/alue  in  vacuum  and  is  mea¬ 
sured  in  microns. 

(b)  The  nioduiation  froq uer.cy  f  is  measured  in  cycles  per  second. 
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(c)  The  pe:i!c  wavelength  Xp  and  the  peak  modulation  frequency  fp  are 
the  values  of  x  and  f  that  simulta.neo'isly  maximize  the  detectivities  Di  and  D*  (see 
section  2. 11). 

(6)  The  distribution  of  the  radiant  power  with  respect  to  radiation  wavelength 
X  is  described  by  stating  the  spectral  power  P^,  defined  as  the  power  per  unit  wave¬ 
length  interx^l.  More  precisely,  if  aP  is  the  power  in  the  wavelength  interval  ax, 

P\  is  the  ratio  A  P/ax  with  ax  suitably  small  compared  with  x.  P;^_  is  measured  in 
watts  per  micron. 

(7)  The  pov;er  P  normally  incident  on  the  detector  is  calculated  by  multiplying 
the  irradiaiice  H  in  the  adopted  responsive  plane  of  the  detector  by  the  adopted  area 
Aa. 

P  AaH  (2.2-7) 

(8)  The  distribution  of  the  irradiance  with  respect  to  radiation  wavelength  x 
is  described  by  stating  the  spectral  irradiance  defined  as  the  irradiance  per 
unit  wavelength  interval.  More  precisely,  if  aK  is  the  irradiance  in  the  v/avelength 
interval  AX,  H\  Is  the  ratio  aH/ax,  A^being  suitably  small  comipared  with  x. 

is  measured  hi  the  unit;  watt/cn.2-micron. 

(9)  In  testing  detectors,  the  radiation  incident  on  the  detector  is  usually 
modulated  periodically  in  Lime.  The  usual  way  to  achieve  this  modulation  is  to 
pla.''e  a  nuulti'nladed  wheel  between  the  radiation  source  and  the  detector  and  rotate 
the  wheel  at  a  constant  angiiar  velocity.  The  m.cduiating  device  is  called  a  chopper. 
The  ba.sic  repetition  irequeCiCy  produced  by  the  chopper  is  denoted  f.  The  inst3.n- 
taneous  power  ?(:)  incident  or.  the  detector  can  be  represented  as  the  surr.  of  Fourier 
component:': 

P(t)  =  Pc  ^  ?1  cos  (2"it  +  •  ■)  -  Fg  cos  (4  -ft  +  ;.2)  +  •  •  •  (2-2  -9a) 

where  each  convoonert  has  ai;  amplitude  Pp  and  a  phase  ‘  >.  Each  component  repre¬ 
sents  a  si.’V'.soidally  modulated  radiation  sigr.al,  and  the  components  have  the  fre¬ 
quencies  f,  2f,  Sf,  etc.  The  fundamental  com.ponont  is  the  sinusoidal  comiponent 
with  the  freq-jer.cy  f.  The  root-mean-square  am.plitude  of  the  fundamental  component 
is  defined  as  the  peak-to-peak  amplitude  of  thi,s  com.poner.t  divided  by  23/2; 

Prms  =  2“"^^2p,  (2.2  -9b) 

(The  peak-to-peak  amplitude  is  2P;;.)  o 

(10)  In  some  special  circumstances,  expression  of  the  input  radiation  in 
term.s  of  the  nan;ber  of  photons  per  second  instead  of  in  watts  may  be  desirable. 
Responsivities  and  detectivities  with  photons  per  second  as  the  m.easure  of  the  input 
radiatio!!  m.ay  be  useful  as  an  alternative  method  of  describing  those  detectors  that 
have  a  responsi-vity  (in  volts  per  watt)  that  is  proportional  to  the  wavelength  over  a 
substantial  range  of  wavelengths. 

2.3  The  Electrical  Output  of  tiie  Detector. 


It  is  convenient  to  distinguish  two  additive  components  in  the  electrical  output 
of  the  detector --the  signal  voltage  Vs  (or  signal  current  I5)  and  the  noise  voltage 
Vfj  (or  the  noise  current  I-^).  Over  a  sufficiently  long  period  of  time,  the  two 
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voltages  (or  currents)  can  be  distinguished  exactly  by  the  criterion  that  the  signal 
voltage  is  fully  coherent  with  the  signal  power,  whereas  the  noise  voltage  is  com¬ 
pletely  incoherent  with  the  signal  power.  The  output  can  be  described  by  giving 
the  distribution  of  the  voltage  (or  current)  with  respect  to  time  or  freguency. 

In  this  section  and  in  sections  2.  8  and  3.  6  the  fundamental  frequency  f  of  the 
chopper  must  be  distinguished  from  the  frequency  v  of  any  component  in  the  output 
of  the  detector.  In  all  other  sections  to  distinguish  between  f  and  v  is  unnecessary, 
however,  and  the  symbol  f  is  used  for  both  types  of  frequency.  The  frequencies  f 
and  V  are  both  measured  in  cycles  per  second. 

(1)  The  electrical  sicjnal  voltage  ¥3  (or  current  Ig)  in  the  output  of  the  de¬ 
tector  is  the  part  of  the  output  that  is  coherent  with  the  signal  power  incident  on  the 
detector. 


(2)  In  tile  special  case  where  the  radiation  power  is  periodic  in  timje,  the 
electrical  sigi’.al  output  is  also  periodic  in  time.  The  instantaneous  signal  voltage 
V(t)  can  be  represented  as  the  sum  of  Fourier  components; 

V(t)  =  Vc  +  V;  cos  (2 "ft  -'i)  f  V9  cos  (4"ft  +  03)  +  •  •  •  (2.3  -2a) 

The  root-n.ean-square  am.plitude  of  the  fu.ndam.ental  component  is  defined  as  the 
peak-tc-peak  amplitude  of  this  component  divided  by  23/2; 

■•■s,rms  =  2-'^/2Vi  (2.3  -2b) 

(The  peak-to-peak  arr.clitude  is  2Yi.) 

(3)  In  ad  iition  to  the  sinmal  voltage  Vg  appearing  at  the  output  oi  the  detector, 
electrical  noise  al.se  is  alv;ays  pre.ier.t.  '.Vhen  there  is  no  signal  pov;er,  the  only 
electrical  output  iron;  tiie  detector  is  the  electrical  noise. 

(4)  Unlike  the  electidcal  ;;innal  which  has  components  only  at  frequencies  v 
equal  to  f,  2i,  5f,  et'n,  the  electrical  noise  has  components  at  every  frequency-- 
that  is  to  say,  the  spectrum  of  tiie  electrical  noise  is  continuous.  The  m.agnitude 
of  the  noise  voltage  as  ebsorved  by  a  .suitable  voltm.eter  depends  on  the  range  of 
frequencies  accepted  by  the  voltmeter.  To  define  the  band  of  frequencies  accepted 
by  the  voltmeter,  we  let  g(v)  denote  tae  gain  of  the  voltmieter  as  a  function  of  the 
frequency  v.  Then,  the  noise  bandwidth  rv  of  the  m.easuring  equipmjent  is  defined 
by; 

AV  =  y  g(v)  “dv/gn:^'  (2.3-4) 

r' 

w'here  gj^_  is  the  n'.axin’.un:  value  of  the  gain  v.dth  respect  to  frequency  v.  The  fre¬ 
quency  Vj-g  that  maximizes  j(v)  is  called  the  center  frequency  of  the  passband. 


(3)  The  root-n.ean-square  voltage  (or  current)  of  the  electrical  noise  is 
defii'ied  as  the  sq'iare  root  of  the  time  average  of  the  square  of  the  difference  between 
the  instanlaneous  voltage  (or  current)  and  the  time  average  voltage  (or  current). 


('•'n  n  Av^  'Av 


(2.3  -5a) 
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The  average  values  of  and  In  will  nearly  always  be  zero  in  practice,  since  the 
voltage  or  current  will  usually  have  passed  through  an  amplifier  whose  dc  gain  is 
zero.  When  this  condition  holds,  the  above  two  equations  reduce  to 


m,  rmi; 


(v„)2 


'Avf 


(2.3  -5b) 


In,  rms  =  |  •  (In)^  'Avj 

(6)  The  power  spectrum  W(v)  of  the  electrical  noise  is  defined  as  the  time 
average  of  the  square  of  the  difference  between  the  instantaneous  noise  voltage  (or 
current)  and  the  time  average  voltage  (or  current),  divided  by  the  noise  bandv/idth 
of  the  measuring  equipment. 


W(v)  - 

W(v)  =  (Ir,rms)Vr.v 


(2.3  -6) 


In  this  definition,  it  i.s  supposed  that  the  voltmeter  has  a  bandwidth  r  v  that  is  small 
compared  with  v.  W(v)  is  moasjred  in  volt2/cps  or  in  arr.pere^/cps. 

(7)  If  the  di.;tribution  of  the  noise  voltage  (or  current)  about  the  time  average 
moan  value  is  .'jaussiar.  and  if  the  stati.;tical  properties  are  stationary  in  time,  then 
the  statisti':al  i  ropiorties  of  the  noise  are  fully  described  by  the  pow'er  spectrum. 

But  if  the  di3tributi''n  i;?  net  Gauinuian,  further  de.jcription  is  necessary  for  a  comi- 
plete  cha^actcri^atio::  of  the  .jlati,;ti''al  properties  of  the  noise. 

(3)  7’ho  root  pow'er  spevtrum  i.'(v)  i-'  the  sqjare  root  of  the  power  spectrum. 
V/(v),  N(v)  is  measured  ir.  volt/(cp3)t  or  in  a:r.pere/(cps)2. 

(9).  The  term,  "volti.oeter"  as  used  in  this  section  is  equivalent  to  the  comi- 
bination  of  the  low-noi.se  am.piifier,  tm.able  filter,  ar;d  voltmeter,  as  described 
separately  ir.  ■secti.'ir.s  3.  f,  3.  G,  ar.:;  3.7. 

L .  4  •.?ieum.etri''al  :-roporties  of  the  Di.dectrr. 

(1)  The  ro.ipunsive  propertie;.  of  a  detector  are  defined  in  term.s  of  the  radia¬ 
tion  irr'ideni  o:.  a  .selected  plane  surface  associated  with  the  detector.  The  plane 
.selected  by  the  touting  laixratory  is  '".ailed  the  adopted  responsive  plane,  and  is 
denoted  S. 

(2)  Usually  there  1.3  no  ambiguity  in  selectinj  the  responsive  plane  S.  If  the 
re.spon.3ive  elenmnt  ituolf  i.s  i.n  the  f  mm  of  a  thin  flat  layer,  as  with  evaporated 
photocor-.d  ;ctivt''  •ell.;  cr  n.otal  l.iok  r.nntor.u,  the  adopted  responsive  plane  is  sim.ply 
the  plane  ir.  v.'hi'‘h  the'  re.spor!.'3iye  elemior.t  lies.  But  there  are  detectors  where  the 
responsive  piano  nn;st  be  chosen  otherwise.  Fxamples:  With  doped  gern.anium. 
cietectors  in  v^hich  the  resnon.uive  element  i.s  more  or  less  cubical  and  is  located 
within  a  chamber  w'ith  reflecting  walls,  the  adopted  refer -.'n.3e  plane  S  is  the  plane 
that  contains  the  entrance  aperture  cf  t.he  chandoor.  With  photoemissive  tubes  with 
curved  photocathodes,  the  adopted  reference  plav.o  is  the  plane  that  contains  the 
straight  edges  of  the  photocathode. 


(3)  With  some  detectors  the  selection  of  the  aidopted  reference  plane  is 
more  or  less  arbitrary.  With  a  detector  that  incorporates  a  number  of  refracting 
elements,  for  example,  the  testing  laboratory  may  find  it  convenient  to  refer  the 
measurements  to  the  plane  that  contains  the  rimi  of  the  most  accessible  optical 
element. 


(4)  Let  a  coordinate  system  x,  y  be  established  on  the  adopted  responsive 
plane  3.  - 

(5)  Let  the  direction  of  incidence  of  a  pencil  of  radiation  that  is  incident  at 
the  point  x,  y'be  defined  by  the  two  angles  6,^?  of  a  spherical  coordinate  system, 
with  the  polar  angle  e  m.easured  from  the  normal  to  the  adopted  responsive  plane. 

(6)  Detector  Area  A.  The  several  kinds  of  detector  areas  measured  on  the 
adopted  reference  plane  need  to  be  distinguished: 

(a)  The  nominal  area  A^  is  any  value  of  the  responsive  area,  quoted 
by  a  source  other  than  the  testing  laboratory,  that  purports  to  represent  an  approxi- 
miation  of  the  actual  responsive  area  of  the  detector.  Thus,  for  example,  the  nomi¬ 
nal  area  m.ay  be  the  manufacturer's  design-center  value  for  the  area  of  an  evaporated- 
film  detector,  or  the  r.omanal  area  m;ay  be  an  area  quoted  to  one  significant  figure 
that  is  used  as  a  label  to  distinguish  between  the  given  detector  and  other  detectors 
of  widely  different  area. 


tC.’V  to 
tec  tor: 


(b)  The  adopted  area  A^  is  the  area  that  Is  adopted  by  the  test  labora- 
co’‘.vert  the  irradiar.ee  II  on  the  detector  tc  the  newer  P  incident  on  the  de- 


p  _  A  u 
t'  - 


(2.  4  -6b) 


The  test  laboratory  will  often  select  either  the  nominal  area  cr  the  effective  area 
as  the  adopted  area. 


(c)  The  effe:'tive  area  Ag  of  a  detector  is  defined  by  physical  measure¬ 
ments,  as  follows:  The  position  or.  the  adopted  responsive  plane  3  of  the  detector 
is  defined  by  a  rectangular  cartesian  x,  y  coordinate  system.  The  responsivity 
rl(x,  y)  is  measured  wiih  a  very  small  spot  of  radiation  at  each  point  of  the  plane. 

The  effective  area  Ag  i :  defined  by 

Ag  =  /  :-?(x,  y)dxdy/Rniax  (2.4  -6c) 

3 

where  Rtp.acc  miaximium.  value  of  R(x,  y). 

(7)  Detector  solid  angle.  It  is  often  desirable  to  know  the  solid  angle  from, 
which  the  detector  can  receive  radiation  from  outside  the  detector.  This  information 
is  needed  to  calculate  D-h*  for  at  least  tw'O  sitiiations  of  practical  interest:  c Doled 
detectors  equipped  with  cooled  radiation  shields  and  room  tem.perature  detectors 
whose  responsive  elemient  is  immersed  in  a  lens  of  high  index.  Actually,  the  solid 
angle  that  one  wishes  to  know  for  a  flat  detector  element  is  the  solid  angle  weighted 
at  each  angle  by  the  cosine  of  the  angle  of  incidence.  This  is  called  the  weighted 
solid  angle  and  is  denoted  by  Q .  Several  kinds  of  weighted  solid  angles  need  to  be 
distinguished. 
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(a)  The  nominal  weighted  solid  angle  detector  may  be  a  value 

used  in  the  specification  of  the  detector  or  it  n;ay  be  the  value  used  to  identify  the 
detector. 


(b)  The  adopted  v;eighted  solid  angle  of  a  detector  is  the  solid  angle 
that  is  adopted  by  the  test  laboratory  to  calculate  the  value  of  D**. 

(c)  The  effective  weighted  solid  angle  ftg  of  a  detector  is  defined  by 
physical  measuremoi'ts,  as  follows;  The  responsivity  at  the  point  x,  y  on  the  adopted 
responsive  plane  S  of  the  detector  for  radiation  coming  from  the  direction  e,*?  is  de¬ 
noted  R(x,  y,  e,  -p).  The  angles  5  and  are  the  polar  and  azimuthal  angles  of  a  spher¬ 
ical  coordinate  system  with  the  axis  normal  to  the  surface  of  the  responsive  plane. 

The  effective  weighted  solid  angle  -q  of  the  detector  in  steradians  is  defined  by: 

'•"it  •  /^  •  .  . 

it  Q  --  J  cixciy  '  '  *■*  cos  V  siPt  ♦.?  dO 

I  j 

(2.4  -7c) 

witcro  (0,  C)  is  the  maxim, tr.  value  of  R(x,  v,  T,0).  k  is,  of  course,  scarcely 
contemplate  i  that  a’  y  laboratory  will  ever  measure  R(x,  y,  e  .  ;  )  as  a  fiinction  of  all 
four  variables  and  tiie;'.  perform  the  quadruple  integration.  But  the  above  expression 
for  s'.n  does  indicate  (in  a  way  that  no  v;or  Is  can)  the  exact  conceptual  meaning  of  the 
effective  weight‘-;i  .;olid  angle. 

(5)  I:  the  re.'uonsivity  of 
detector  is  called  a  I.ainhortia; 


a  iotector  i.c  indenom.Jent  of  the  angles  0  and  c  ,  the 
.  d*^  tec  tor. 


’J)  t*)  )d^/ ^-AgRt;;n3^;^(0,  C) 


(9)  With  setno  detector;;,  it  is  considere 
suppose  that  the  responsivity  is  independent  of 
detector  is  .caid  t,  have  circ  ilar  syn.r.netry. 


d  to  bo  a;;  adequate  asproximiation  to 
the  azimutrial  angle  .  Then,  the 


(10) 

in.;tead  of 


:-’or  Jetoctcr.c  with  circ  dar 
the  w--'ig;;te  •  .p;^lid  angle  ... 


.;ym.r;:eti’y,  tho  total  cone  angle  -  may  be  used 
'rho  '.t.tal  none  angle-  -  is  defined  in  terms  of 


••  by: 


;in- 


2(-/2) 


(2.4  -10a) 


ihe  relati  .m;  i'etw-ec:;  the  total 
i3!  i 


a.ngle  and  trie  ordinary  u;;weinhted  solid  angle  o; 

'  •  -  :os(- /2)  (2.4 -10b) 


A.c  the  .;olid  a:.gle  ..  in  equation  L.4-10a 
or  effective  v/oighteu  solid  a;;glo,  the  eqcatio.u 
effective  total  coi'ie  a;.gle,  re.s  pec  lively. 


i.';  i-dentified  with  the  nominal,  adopted, 
;iefi;ies  the  nominal,  adopted,  or 


(11)  The  weighted  .eolid  angle  of  a  Lambertian  .detector  is  u  =  -.  The  un- 
weichteJ  solid  a:iulc  c-f  a  [.amhertian  -iotector  is  =  2  ■  . 


The  Detector  as  a  Circuit  Elen;ent. 


Most  detector.s  have  two  electrical  terminals.  V/hon  the  radiation  incident  on 
the  detector  is  steady,  the  detector  may  be  comcidered  a  circuit  element  and  can  be 
described  as  a  circuit  element.  It  should  be  held  in  mind,  however,  that  the 
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properties  of  the  detector  as  a  circuit  elcmetit  will  usually  depend  on  the  frequency 
and  will  sometimes  depend  on  the  amount  of  ambient  power  Pg,  and  on  the  dc  current 
1,3  through  the  detector. 

(1)  The  impedance  Z  of  the  detector  is  defined  by: 

Z-^  (2.  5 -la) 

where  E  is  the  instantaneous  voltage  across  the  terminals  of  the  detector  and  I  is 
the  instantaneous  current  through  the  detector.  The  impedance  Z  is  complex: 

Z  -  .  iXx  (2.  5  -lb) 

_(2)  The  value  of  Rz  zero  frequency  is  called  the  dc  impedance  and  is  de¬ 
noted  R^^q. 


(3)  The  Luiqualifiod  term  re.si.:hn:ce  R  is  used  to  describe  the  ratio  of  the  dc 
voltage  to  the  dc  current: 


:./^o 


(2.  5  -3) 


(4)  The  impedar.ce  Z,  both  iti  real  a;'.d  imagi:',ary  parts,  and  the  resistance 
R  are  measured  i:.  ohm;;. 


(3)  "'ho  im;.odanco  Z  of  some  .iote'dor; 
a;',  equivaio.-.t  nreuit  that  is  appropriate  to  th 
a  ■■apa'’ita:.ce  C  a::ci  dynasTc  re.;i.;t:i:.  ;e  ;Ti  i; 
co::d':ctive  cells;  a.;  a:,  inductance  L  an:;  ;iy:.a 
rr;  is  to r  bo  1'  rr;  e  te  r s . 


;  may  'ne  co:.veniently  reprc.sented  by 
'•  dotcct:'r  i;:  qiestion.  Examples:  As 
.  parallel  for  impedance  photo- 
mic  ro;;istar.co  Rq  in  series  for  ther- 


('■)  V/hcci  radiation,  .detector.;  are  tested  the  dt.-tecLor  is  connected  to  an  am¬ 
plifier  a:.d  i:;  som.e  .’asos  to  bia.;  sour'^.e.';.  The  load  impedance  Zt_^  is  the  im;pedance 
of  the  external  circuit  as  see:;  frem  th'.^  terminals  o:  the  detector.  Often,  the  im¬ 
pedance  i.s  alr;;o.ot  p  :rely  re.oistive.  It.  thi:j_''a.;e,  the  load  impedance  can  be  repre¬ 
sented  by  the  load  resista.’ice  .  Z'  atai  10  are  n.easured  in  ohms. 


2.C  The  Detector  Temperature. 


Detectors  that  operate  v.-ithout  refrigeration  have  responsive  elem;ents  that 
have  a  temijeraturc  equal  to  or  slightly  higher  than  the  an.'oient  temperature.  The 
actual  tem.perature  of  the  respo.’.sive  olor.'.o:’.t  is  often  ;;o:iuniform  and  is  difficult  to 
measure  e;<perirr.e:. tally.  The  user  of  the  detector  r.orrrialiy  has  little  interest  in 
the  actual  temperature  of  the  responsive  elet.ncr.t. 


In  this  standard,  the  term  detector  ten.!)erature  T  itidicates  the  an.’oient 
tem.perature  if  the  detector  is  riot  refrigerated  or  the  iionninal  ten;perature  of  the 
coolant  if  the  detector  is  refrigerated. 


The  detector  temperature  T  i.s  nma:;  ired  in  ciogrees  Kelvin. 
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2.7  The  Bia.s. 


Most  kinds  of  individual  detectors  have  externally  adjustable  parameters  that 
permit  a  variation  of  the  responsivity  (and  of  the  detectivity).  Examples  of  these 
adjustable  parameters  are  the  biasing  current  in  bolometers  and  photoconductive 
cells,  the  applied  potentials  in  multiplier  phototubes  and  simple  phototubes,  the 
biasing  voltage  in  back-biased  junctions,  the  em.itter  current  in  phototransistors, 
the  several  adjustable  parameters  of  the  Golay  detector,  and  the  magnetic  field  in 
photoelectromagr.etic  detectors.  Indeed,  only  the  thermocouple  is  free  of  such 
adjustable  parameters. 

All  of  these  paran.eters  liave  the  effect  of  varying  the  performance  of  the  de¬ 
tector.  The  tern,  "bias"  will  be  used  a.s  a  generic  term  to  refer  to  any  of  these 
aajustable  parameters.  vVher.  the  bias  is  the  biasing  current  of  a  photoconductive 
cell,  the  recon. rneiidca  unit  is  the  ampere  and  the  recommended  symjbol  is  i. 

(1)  The  optimum  bias  is  the  bias  that  miaximizes  the  detectivity  when  it  is 
measured  v;ith  radiation  with  a  waveler.rfth  near  ^  and  a  choDoing  frequency  near 

fp. 


(2)  The  m.axin.ut.n  ’/alue  of  the  bias  btj_  is  the  maximum,  value  recomimended 
by  the  m.anufacturer. 


2.  0  The  Test  Equipm:o;it:  Radiation  Soiirces  and  Voltm;eters. 

2.  S.  1  Radiation  Gources:  In  measuring  the  responsivity  of  radiation  detectors, 
it  is  customary  to  use  throe  different  .kind.3  cf  .modulated  sources.  All  of  the  sources 
are  equipped  with  choppers.  One  is  a  black-body  source;  the  second  is  a  rnono- 
chrom.atic  source;  aiid  the  thiird  i.>  a  variable  frequency  source. 


(1)  With  the  bla^k.-body 
black  body  is  suppjosed  to  be  k.now.n  or 
.spectral  irrauiam'e  rrn.s- 


sc  .rce,  the  wavelength  distribution  fromi  the 
,  an  absolute  basis  and  is  described  by  the 


(.2)  The  n.snccimon.atic*  source  is  characterized  by  the  wavelength  x 

of  its  output. 

(3)  The  variable  frequency  source  is  characterized  by  the  fundam.ental 
frequency  f  of  its  output.  The  fundam.ental  frequency  of  the  chopped  radiation  is 
denoted  by  f,  and  the  am.clitude  of  the  power  (or  irradiance)  of  the  chopped  radiation 
is  m.easured  by  tne  root-mear.-square  am.plitude  of  tine  Fourier  comiponent  with  the 
fundamental  frequency. 

2.8.2  Voltmieters:  The  term  voltmeter  as  used  in  this  section  is  equivalent  to 
the  combina.tion  of  trie  low-noise  amplifier,  tunable  filter,  and  voltm.eter,  as  de¬ 
scribed  in  sectio.ns  3.  3,  3.  C,  and  3.  7. 

The  sigr.al  voltage  (or  current)  in  the  output  of  tlie  detector  is  m.easured  with 
a  voltmeter  such  that  the  gain  g('. )  of  the  voltmeter  has  its  maximum  value  when  v 
is  equal  to  the  chopping  frequency  f,  and  such  that  the  gain  g(v)  is  negligible  re¬ 
lative  to  g(f)  when  v  is  equal  to  any  of  the  harm.onics  of  f--that  is  to  say,  when  v 
is  equal  to  2f,  3f,  4f,  etc. 
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The  voltmeter  is  to  be  such  that  it  indicates  the  root-mean-square  voltage  of 
the  component  of  frequency  i. 

(Note:  Hencefortli,  in  this  standard  except  in  section  3. 6  it  is  unnecessary  to 
distinguish  between  the  chopping  frequency  f  and  the  frequency  v  of  the  electrical 
output  of  the  detector.  The  symbol  f  will  be  used  to  denote  both  v  and  f. ) 

2.9  The  Responsivity. 

The  responsivity  is  here  defined  only  for  periodically  modulated  radiation. 
Furthermore,  it  is  supposed  that,  as  described  in  section  2.8,  the  electrical  meas¬ 
uring  equipment  has  its  maxim.umi  gain  at  the  chopping  frequency  of  the  radiation 
input  and  a  negligible  gain  at  the  harmonic  frequencies. 


The  responsivity  of  a  detector  is  usually  measured  with  an  am.plifier  connected 
between  the  detector  output  terminals  and  the  instrum.ent  that  mieasures  the  voltage. 

If  the  output  of  the  amplifier  is  (n.istakenly)  taken  a,i  the  output  of  the  detector,  one 
obtains  a  responsivity  Rgg  that  is  increased  by  the  gain  n  of  the  amplifier  and  is  in¬ 
fluenced  by  the  finite  load  impedance  Zi  . 

(1)  The  responsivity  in  general  is  the  ratio  of  the  rrns  value  of  the  fundamiental 
component  of  the  electrical  output  of  the  detector  to  the  rm.s  value  of  the  fundamental 
ccmponenl  of  the  input  radiation  power  when  the  pov/er  is  incident  normally  on  the 
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the  rr.easurerr.ent  of  R  directlv 


.  Thi.s  procedure  involves  the  injection  of  a  calibrating 
tectur  unoer  te."t  by  the  mechanism,  of  a  sm.all  resist- 
cro  :nd  terminal  an.d  nrour.d.  The  details  are  given  in 


(d)  Th'C  r-.;:;pon.;ivity  it  of  a;,  ir.uividual  dvlector  usually  depends  on  all  of  the 
following  v  aram.eter.j: 

The  ;3pectr:.rn  of  the  radiation  ('•.) 

The  chopping  frequency  (f) 

The  detector  temperature  (T) 

The  bias  (b) 


(a) 

(b) 
(a) 
(a) 
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(7)  The  responsivlty  Rm(f)  is  the  resoonsivity  R  at  the  peak  wavelength  A.p. 
The  responsivity  R  and  detectivity  D  have  their  maxima  with  respect  to  wavelength 
at  the  same  wavelength  \ 

(8)  The  responsivlty  R^(^)  is  the  responsivlty  R  at  the  peak  m.odulation  fre¬ 
quency  fp,  which  is  defined  as  the  frequency  that  maximizes  the  detectivity  with 
respect  to  the  modulation  frequency  f.  The  use  of  the  subscript  n  instead  of  m  is 
intended  to  emphasize  that  R^(^)  is  not  the  maximum  value  of  R  with  respect  to  the 
modulation  frequency  f. 

(9)  The  responsivlty  is  the  value  of  the  responsivlty  R  at  the  peak  wave¬ 
length  Xp  and  the  peak  modulation  frequency  fp.  R  has  its  maximum  at  the  same 
wavelength  x  p  as  does  Di,  but  unless  the  root  power  spectrum  of  the  noise  is  flat, 
the  responsivlty  R  and  the  detectivity  do  not  have  their  maxima  at  the  same 
m.odulation  frequency. 

2. 10  The  Detector  Noise. 


The  electrical  noise  in  the  output  of  a  detector  is  usually  measured  with  an 
amplifier  connected  between  the  detector  output  terminals  and  the  instrument  that 
measures  the  noi.se.  If  the  output  of  the  amplifier  is  (mistakenly)  taken  as  the  out¬ 
put  of  the  detector,  the  m.casurement  yields  a  root  power  spectrum.  N^no  that  is  in¬ 
fluenced  by  the  .rain  g  and  the  noise  n  of  the  amplifier  and  by  the  finite  load  im- 
pedaiice  Z^. 

(1)  The  root  power  spectrum,  is  the  root  power  spectrum,  referred  to  the 
terminals  of  the  detector  but  not  corrected  for  the  noise  of  the  amplifier  and  not 
referred  to  an  infinite  load  im.peda;ice. 


(2)  The  root  pov/er  spectrun.  N,,  is  the  root  power  spectrum  referred  to  the 
term. Inals  of  the  detector  and  referred  to  an  infinite  load  impedance  but  not  corrected 
for  the  noise  of  tine  am.plifier. 

(2)  Tlie  root  power  spectrum.  Nr,  is  the  root  power  spectrum;  referred  to  the 
terminals  of  the  deteclcr  an.d  corrected  for  amplifier  noise  but  not  referred  to  in¬ 
finite  load  im.pedance. 

(4)  The  root  pov;er  spectrum:  N  is  the  root  power  spectrum,  referred  to  the 
term.inals  of  the  detector,  referred  to  an  iidinite  load  im.pedance,  and  corrected  for 
armplifier  noise. 

(2)  A  -siniple  and  widely  used  procedure  permits  the  measurem.ent  of  Nj.^ 
directly  ynthout  first  mieasuring  M2na-  pi’ocedure  involves  the  injection  of  a 

calibratifig  voltage  in  series  with  the''detector  under  test,  by  the  mechanism  of  a 
small,  known  resistance  cojinected  between  the  detector's  ground  termdnal  and 
ground.  The  details  are  given  below  in  sections  3  and  4. 

(6)  The  root  pov;er  spectrum  N  of  an  individual  detector  usually  depends  on 
all  of  the  following  parameters: 

(a)  The  frequency  (f) 

(b)  The  detector  temperature  (T) 
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(c)  The  ambient  power  (Pg^) 

(d)  The  spectrum  of  the  ambient  power  (^) 

(e)  The  bias  (b) 

2.11  The  Detectivity. 

The  detectivity  of  a  detector  can  be  defined  in  any  of  three  equivalent  ways; 
as  the  reciprocal  of  the  noise  equivalent  input,  as  the  signal -to -noise  ratio  divided 
by  the  incident  power,  or  as  the  responsivity  divided  by  the  noise.  The  last  defini¬ 
tion  is  used  in  this  standard. 


(1)  The  detectivity  D  is  defined,  in  general,  as  the  ratio  of  tlie  responsivity 
to  the  rms  noise: 


where  P  is  in  volts/watt,  or 


rms 


(2. 11  -la) 


(2.11  -lb) 


m,  rms 


where  R  is  iu  an;peres/v;att.  This  ratio  doe;:  not  depend  on  whether  the  right-hand 
quantities  are  measured  at  the  output  of  the  amplifier  or  at  the  detector  terminals, 
ncr  does  it  depend  on  v/hether  the  quantities  are  referred  to  a  finite  or  infinite  load 
resistance.  But  the  value  obtained  for  D  does  depend  oti  whether  the  rms  noise  is 
corrected  for  the  noise  of  the  am.plifier.  If  ur.corrected,  the  detectivity  is  denoted 
Dr.,  and  if  corrected,  D.  D  is  measured  in  reciprocal  watts. 


(2)  The  detectivity  i:;  called  the  detectivity  for  unit  bandvddth  of  noise  and 
is  corrected  for  the  noise  of  the  an.jdifier.  The  corresponding  quantity  not  corrected 
for  the  noise  of  the  am.plifior  is  written  One  has; 

Di,-  -  =  il_  ^/^i)^D.  (2. 11  -2a) 

Nz:;a  ‘-sn 
ar.d 


where  Af  is  the  noise  bandwidth  defined  by  equation  2.  3  -4.  is  measared  in  the 

unit;  (cps)Vwatt.  (The  bandwicth  Av  of  section  2.3  is  identical  with  /  f  in  this 
section. ) 

(3)  The  detectivity  pronounced  ''D  star,"  is  the  detectivity'  Di  reduced 
to  unit  area  by  the  root-area  relation 

D*  =  =  (AgAf)^iD  (2.  11  -3) 

1 

D*  is  measured  in  the  unit:  Gmi-(cps)  Vwatt. 

(4)  The  detectivity  D**,  pronounced  "D  double  star,"  is  the  detectivity  re¬ 
duced  to  unit  area  and  to  a  weighted  solid  angle  of  steradians. 

D**  =  (AgV^0jDi  (2.11  -4) 

D**  is  measured  in  the  unit:  Gm-(cps)  Vwatt. 


12 


(C)  The  detectivities  D,  D-,  D*,  and  D**  of  an  individual  detector  usually  de¬ 
pend  on  all  of  the  following  parameters: 

(a)  The  spectrum  of  the  radiation  (>t) 

(b)  The  chopping  frequency  (f) 

(c)  The  detector  temperature  (T) 

(d)  The  ambient  power  (P;J 

(e)  The  spectrum  of  the  ambient  power  {\) 

(f )  The  bias  (b) 


The  detectivity  D  depends  also  on  the  noise  bandv/idth  '.f  used  in  the  measurement. 


(6)  The  detectivities  D,  Dp,  D*,  and  D**,  as  well  as  the  corresponding  quan¬ 
tities  not  corrected  for  the  noise  of  the  amplifier,  all  differ  by  factors  that  depend 
neither  on  tlie  wavelength  x  nor  on  the  modulation  frequency  f.  Therefore,  the  v/ave- 
length  and  frequency  that  maximize  one  of  these  detectivities  rr.axin,ize  all  of  the 
otliers.  The  peak  v;avelength  \p  and  the  peak  modulation  frequency  fp  are  the  values 
of  and  f  that  simultaneously  rf.a;-;ir;.ize  the  detectivity.  The  values  of  the  detec¬ 
tivities!  at  the  peak  wavelength  a.,,  and  at  the  peak  modulation  frequency  f,^  are 
Cie;:oteu  by  D>r,m) 


(7)  The  cicteclivitie,;  r.'.e.a.;  iroJ  at  the  peak  incdulation  frequency  f-  are  de- 

;iJtei  by  Dr,.(..),  ;u:rr;(-.),  --'**rn(')- 

(o)  7'he  dote  •iivitie.u  jr.cas ure  .i  at  the  i  oak  waveleneth  are  denoted  by 
T,.  (f),  l):rn(0,  D*g.(f), 


(k)  The  roci:  ro:al  of  eacii  of  the  dete'Tivitie.i 
‘xam;  lo,  th^  m'i;:;o  equivalent  newer  ?-  •  may  im 


is  a  noise  eq  Tvalent  power, 
defir.od  as  thie  reciprocal  of  D: 


(k.  11  -9) 


I 


(!)  The  co::  ;ept.;  u' re.a>on.sivity 
tions  have  ijoen  T  rmulated  i.n  term.s  of 
In  this  section,  the  radiation  si;n.al  is 
ienote.3  the  total  er;Lr<_r.-  of  the  pulse  a:: 


a!-.:i  doto’tivity  defined  in  the  preceding  sec- 
a  reriodicalk,  modulated  radiation  .jirmal. 
s  !ppc:;e  ;  to  be  in  the  fern;  of  a  pulse.  E 
d  i:;  measured  in  joules. 


(2)  2'ho  dete-'tor  is  .npo.uei  to  be*  .■o:.ne'‘teu  to  a  r.oisele.ss  ati;plifier  v.’ith 
the  uain  g(f).  At  the  (.■  ;tp  ;t  of  the  amplifier,  the  total  rm.s  n.cise  voltage  is  denoted 
'.T,.  7'he  maxim  ;m.  voltage  of  the  electrijal  .uignal  n  il.so  with  respect  to  time  is 
denoted  The  e;;er';r,'  doteeTivity  is  aolin.ed  by: 

.  (2.  12  -2) 

r-i  T  '  ' 


The  energy  detoctiidty  is  m.oasureu  in  reuioroca]  joules. 

(3)  The  enenjy  detectivity  u  is  the  reciprocal  of  the  noise  equi'/alent  energy 
Ep,j,  v/hich  is  defin.ed  as  the  value  of  the  i.’Ulse  enerug’  E  that  n.akes  the  sig:ial-to- 
noise  ratio  uTp/V,,  equal  to  ut.ity. 
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(4)  The  value  of  the  energy  detectivity  A  depends  on  the  shape  of  the  radiation 
pulse  and  on  tlie  amplifier  gain  function  g(f).  It  can  be  shown  that  the  maximum 
possible  value  of  a  is  achieved  if  the  following  three  conditions  are  satisfied; . 

(a)  The  pulse  is  very  short--specifically,  the  duration  of  the  pulse  is 
very  small  compared  with  the  detective  time  constant  T(^. 

(b)  The  gain  g(f)  is  of  the  form: 

g(f)  =  constant  R/N^  (2. 12  -4b) 


(c)  The  sum;  of  the  phase  shift  in  the  detector  and  the  phase  shift  of 
the  amplifier  is  directly  proportional  to  the  frequency. 

When  these  three  conditions  are  satisfied,  the  energy/  detectivity  is  given  by 

-.1 

=  2|  :Di(^,  £):2dfJ^  Di^,(  (2. 12  -4c) 

P-U)  is  tr.easured  in  reciprocal  joules. 


(5)  The  enerm.'  detectivity  a*,  pronounced  "delta  star,"  is  the  energy  detec¬ 


tivity  A  reduced  to  unit  area  by  the  root  area  relatione 

■'  1 


A"  V  so 


(2. 12  -5) 


'.oa.jureu  in 


'O.le. 


(d)  The  r-n.erT,'  detectivity  is  the  erierry  detectivity  Af5-j(x)  reduced  to 

unit  area  by  the  root  area  relation 

.1. 

(;s)  =  ;":D*(y,f):2,-if  /  .  (2. 12  -6) 

(7)  The  oner.jy  detectivity  ’*-pr^xr.  energy  detectivity  ,A*i-r;(^)  measured 
at  the  peak  'vavelenyth  \;j. 

2.  IS  The  Time  Constant. 


If  the  com.plex  responsivity  depends  on.  the  frequency 
relation; 


accordance  v.dih  the 


Hi)  =  V(1  2-ifO  (2.13) 

then  there  is  general  agreement  that  Ine  (responsive)  tin.e  constant  is  equal  to  t. 
Other  than  in  this  paragraph,  all  of  the  re.sponsivities  dealt  with  in  this  standard 
represent  the  modulus  of  the  complex  respon.sivity  rather  than  complex  responsivity 
per  se. 

V^Tien  the  responsivity  does  not  depend  on  the  frequency  in  accordance  vTth 
the  above  relation,  controversy  sets  in.  Some  persons  believe  that  no  effort  should 
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be  made  to  define  a  time  constant.  Others  assert  that  some  particular  definition 
should  be  used.  Among  the  definitions  that  have  been  proposed  are  the  following; 

(a)  The  reciprocal  of  the  angular  frequency  at  which  the  responsivity 
is  0.  707  times  the  zero  frequency  responsivity. 

(b)  The  reciprocal  of  the  angular  frequency  where  the  low-  and  high- 
frequency  asymptotes  intersect  (in  a  plot  of  log  R  versus  log  f). 

(c)  The  reciprocal  of  the  angular  frequency  where  the  slope  of  the  log 
R  versus  log  f  curve  is  minus  one-half  (minus  3  decibels  per  octave). 

(d)  The  reciprocal  of  the  angular  frequency  vyhere  the  phase  lag  is 

45  degrees. 

(e)  Any  of  the  times  required  for  approach  to  a  steady  state  after  a 
transient  radiation  sigt'jal. 

All  of  these  time  constants  are  equal  when  the  above  equation  holds;  otherwise 
all  of  them  m.ay  differ. 

All  of  the  tim.e  constants  represent  an  effort  to  mieasure  the  speed  of  response 
of  the  detector  or,  in  different  v.'ords,  to  m.easure  the  bandwidth  of  the  detector. 
Accordingly,  the  writers  of  thi;:;  standard  have  elected  to  define  the  time  constant 
in  term.s  of  the  bandwidth. 

The  tim.e  constants  defined  in  (3)  and  (4)  below  involve  measurements  miade 
over  the  entire  frequency  range  of  the  detector.  To  determine  v/hether  a  detector 
satisfies  a  specificatio.n,  such  rr:easuren;ents  are  not  alv^ays  desirable.  Accordingly, 
(5)  and  (6)  provide  a  pair  of  alternative  definitioris  for  use  only  in  specifications. 
These  two  alternative  definitions  are  barued  on  rneasu.rements  made  at  two  pre¬ 
assigned  frequencies. 

Chopping  frequencies  up  to  about  50,000  cps  are  considered  to  be  practical 
for  achievem.ent  in  a  sm.all  testing  laboratory.  Tim.e  constants  greater  than  about 
5  X- 10"6  second  can  be  measured  or.  the  basis  of  the  definitions  given  in  (3)  and  (4) 
below.  Tim^e  constants  shorter  than  about  5  x  10“^'  second  are  not  easy  to  mieasure. 
The  only  simple  method  to  m.easure  tiine  constants  much  shorter  than  5  x  10"® 
second  is  to  observe  the  response  to  a  square  pulse  of  radiation.  The  pulse  time 
constant  in  (7)  is  based  on  this  approach. 

Because  of  the  distributed  and  shunt  capacity  of  the  detector  itself,  all  of  the 
tim.e  constants  defined  in  this  section  will  depend  to  a  greater  or  lesser  extent  on 
the  value  of  the  load  resistor  R^.  Although  the  method  of  measuremient  recom¬ 
mended  in  section  4. 1  completely  eliminates  the  effect  of  the  shunt  capacity  of  the 
input  of  the  preamiplifier,  it  does  not  elim.inate  the  effect  of  the  shunt  capacity  of 
the  detector  itself. 

(1)  The  responsive  bandwidth  (.uf)j,  is  defined  by; 

(M)r  -  j ''’[R(f)]2df/  [Rmax]^  (2. 13  -1) 

0 

where  R(f)  is  the  responsivity  and  Rmax  1^  the  maximum  value  of  R  with  respect  to 
frequency.  Note  that  Rj^g^  is  not  identical  with  R^(>^). 
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(2)  The  detective  bandwidth  (Af)(j  is  defined  by: 


(Af)d  -  /”[D*(^,f)]2clf/  [D*^(0]2  (2.  13  -2) 


Both  bandwidths  are  measured  in  cycles  per  second. 

(3)  The  responsive  time  constant  i  j.  is  defined  by 

•■r  =  l/(4(Af)^) 

(4)  The  detective  time  constant  is  defined  by; 

T-d  ^  l/(4(Af)d) 


(2.  13  -3) 


(2. 13  -4) 


(5)  The  specification-type  responsive  time  constant  t _  is  defined  by: 


rs 


_ 

2ti 


rR(fi):-  -  :R(f2)]^ 
:f2R(f2)]  2  -  :fiR(fi)]  2 


(2. 13  -5a) 


where  and  fo  are  frequencies  that  must  be  included  in  the  specification.  (For 
som.e  specifications  it  tnay  be  convenient  to  define  f^  and  f2  by: 


fl 


(2. 13  -5b) 


where  ';|.3  is  a  specified  desigj’.-':'enter  respon.';ive  time  con.stant. ) 

(6)  The  specification-type  detective  tim.e  c..nsta:T  '^3  is  defined  by: 


:D*(fi):2  -  :D*(f2):2 
..f2D*(f2)^2  -  J]^D*(fi)’‘ 


(2. 13  -6a) 


where  li  and  fe  are  frequencies  that  n.ust  be  incUdeu  in  the  specification.  (For 
some  specif ication.s  it  m.ay  be  convenient  to  defi:ie  fi  and  f2  by; 


f. 


ds 


(2. 13  -6b) 


where  -^3  a  .specified  design-center  detective  time  constant.) 

(7)  The  pulse  tim.e  constant  is  .measured  by  exposing  the  detector  to  a  rec¬ 
tangular  pulse  of  radiation.  Because  the  pulse  time  constant  is  a  type  of  responsive 
tim.e  constant,  the  result  depends  on  the  gain-versus -frequency  curve  of  the  am.pli- 
fier  used  and  on  the  magnitude  of  the  resistance  that  is  in  .shunt  with  the  detector. 
The  gain  should  be  flat  up  to  frequencies  that  are  large  comipared  v/ith  2  i/rp.  The 
result  usually  depends  m.arkedly  on  the  value  of  the  shunt  resistance.  When  the 
shunt  resistance  is  made  so  small  that  the  RC  time  constant  is  small  compared  with 
the  value  m.easured,  the  pulse  timie  constant  is  called  the  intrinsic  time  constant. 

The  rise  and  fall  times  of  the  radiation  pulse  must  be  short  compared  with 
the  pulse  time  constant  being  measured.  The  rise  time  constant  is  equal  to  the 
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time  required  for  the  signal  voltage  (or  current)  to  rise  to  0.  63  times  its  asymptotic 
value.  The  fall  time  constant  is  equal  to  the  time  required  for  the  signal  voltage 
to  fall  to  0.  37  of  the  asymptotic  value.  If  the  detector  and  amplifier  are  linear,  the 
rise  and  fall  time  constants  are  equal  and  are  called  the  pulse  time  constant  tp.  If 
the  rise  and  fall  times  are  unequal,  the  detector-amplifier  system  is  nonlinear  and 
the  system  lies  outside  the  scope  of  this  standard. 

2. 14  The  Two  Classes  of  Detectors. 

The  various  types  of  radiation  detectors  tend  to  fall  into  one  or  the  other  of 
two  mutually  exclusive  classes  according  to  the  way  that  the  energy  detectivity 
D*rn(^)  of  tho  given  detector  can  be  traded  for  detective  bandwidth. 

(1)  In  Class  I  detectors  the  detectivity  is  independent  of  the  detective 

time  constant  T(;j.  Examples  of  Class  I  detectors  are  (a)  those  whose  detectivity  is 
limited  by  radiation  noise  or  generation  recombination  noise  and  (b)  all  photo- 
emissive  detectors. 

(2)  In  Class  H  detectors,  the  enertry  detectivity  A*rn(^)  is  independent  of  the 
detective  time  constant  Examples  of  Class  n  detectors  are  thermocouples, 
bolometers,  and  some  kinds  of  photoconductive  cells  that  have  a  detectivity  limited 
by  1/f  noise. 


2.15  The  Detective  vyantum  Efficier.cy. 

(1)  If  nearly  m.onoc/irornatic  radiation  from  an  ijnm.od  dated  therm;al  source 
is  incident  or.  a  detector,  the  mean  .square  fluctuation  in  the  pov/er  is  given  by; 

■  2EPa-Af  (2.15-1) 

where  is  the  Bose- Einstein  coherence  factor  that  may  be  taken  equal  to  unity  for 
all  practical  purposes.  (The  formal  condition  for  to  be  close  to  unity  is  that  the 
product  of  the  wavelength  and  the  tom.perature  of  the  source  be  less  than  about  5000 
micron-degrees.)  E  is  the  energy  of  a  p/hoton  of  the  wavelength  in  question,  is 
the  am.bior.t  power,  and  i  f  is  the  noise  bandwidth. 

(2)  If  there  is  no  other  radiation  iticident  on  the  detector  if  the  power 
em.itted  by  the  detector  is  negligible  com.pared  with  aM  if  there  is  no  other  source 
of  noise  in  the  detector,  then  the  detectivity  D  is  the  reciprocal  of  (aP)^ 

D  l/(CEPaAf)'  (2.15  -2a) 

and  the  detectivity  D|  is  given  by: 

D]  l/(l.F.Pa)’  (2.  15  -2b) 

In  the  presence  of  the  given  am.bient  radiation,  the  expressions  2. 15  -2a  and  2. 15  - 
2b  indicate  the  maximium  possible  detectivity.  No  actual  detector  can  have  a  higher 
detectivity,  and  all  detectors  in  practice  have  a  lower  detectivity. 
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(3)  The  detective  quantum  efficiency  in  defined  in  qenoral  by: 

g  f  Measured  detectivity  Di  '|^  (2.  15  -3) 

~  L  Maximum  possible  detectivity  i 

(4)  In  the  special  case  of  sections  (1)  and  (2),  where  the  incident  unmodulated 
radiation  is  nearly  nmnochromatic,  the  detective  quantum  efficiency  is  give,,  by: 

Qq  -  2EPa  (Measured  Di)^  (2. 15  -4) 


(5)  V/hen  the  incident  radiation  is  not  nearly  monoclirornatic,  the  calculation 
of  the  maximum  possible  detectivity  bocom.es  more  con,plex--the  result  depending 
both  on  the  way  the  detectivity  dopend.3  on  the  wavelength  and  on  the  spectrum  of  the 
incident  power.  For  the  very  special  case  in  v^hicii  the  incident  radiation  has  the 
spectrum  of  a  black  body  with  temperature  Thp,  and  in  which  the  detector  has  equal 
detectivity  for  all  wavelengths,  one  has: 
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(2.16) 


Thp  factorability  property  is  :. early  always  ass;;r;.o(i  (often  without  comment)  in  the 
descrii'dio::  of  the  nerforji.ance  :f  radiation  detectors. 


(1)  For  a  dotectcr  that  iias  this  property,  a  v^ry  important  simplification  is 
possible  in  the  measurcn.ent  an.d  defir.itio:.  of  the.respo’.'.sivity.  It  permits  the 
detector's  respo:isi\n.ty  to  be  completely Tietorn.i:ied  by  moa.o  '.rernerd  of  the  re- 
sponsivity  as  a  f  ;;.^tior.  of  wavelength  at  a  .:ir.gle  frequency  a:  li  by  measurement  of 
responsivity  as  a  funution  of  the  frequency  at  a  single  w'avclength. 


(2)  Many  im.porUtnt  detectors  have  the  factorability  proi.'orly,  but  there  is  an 
im.portant  class  of  photoconductive  detectors  whoso  responsivity  is  not  at  all  fac¬ 
torable. 
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(3)  Every  detector  has  a  responsivity  that  is  factorable  if  the  radiation  is  con¬ 
fined  within  one,  two,  or  more  wavelength  bands.  With  some  doped  germanium  de¬ 
tectors,  for  example,  the  rosponsivity  Is  factorable  if  all  of  the  radiation  is  shorter 
than  about  1.  6  microns  or  if  all  of  it  is  longer  than  about  2.  0  microns.  The  wave¬ 
length  bands  are  called  factorability  bands.  With  most  detectors,  the  user  will 
usually  be  interested  in  the  factorability  band  comprising  th^^  longest  wavelengths. 
For  n;ost  purposes,  it  is  sufficient  to  measure  within  tliis  one  band. 

(4)  A.  radiation  filter  that  is  opaque  to  radiation  not  within  a  factorability  band 
is  called  a  factorability  filter. 


3.  STANDARD  TEST  EQUIPMENT 

The  test  la'sciratcry  shall  use  equipn.er.t  that  coriforrr;s  with  the  requirements 
of  this  sectio!’.  or  alternative  cq  npn.er'.t  that  is  capable  of  equivalent  precision  of 
rn.easuremer.t  for  the  cioto'-tors,  :n  ior  test. 


wClli'C ''‘if  "’e!  P-'fl  V 


".'lie  caliijrat'"?!  signal  ser.eratcr  shall  rr* 
'.vavu  voltage  s  a: '  .rately  rr;.s  amylituc 

the  range  ov-  r  whi  ‘h  th-  onsivity  is  to  bo  : 
laijoratory,  this  ra;.j<-  will  :>■  fron.  abo  :t  '  "ps 
voltage  shoul  i  be  a:  pr-'Mimaiely  1  v'-ll  rn.s. 


duce  at  its  output  terminals  a  sine 
e  with  a  frequency  adjustable  over 
■.easnred.  in  a  comprehensive  test 
to  ab'jut  100,  003  C!js.  The  output 


rn.irLr2.t'  ‘  \ 


the  signal  generator  and 


One  iV't-'mt'r  'lir'^uit. 


vhini  tin-  jetfCl.m  is  placed.  This  cir- 
eJ  nesi.T  r,  and  m.eag.s  of  coupling  the 
in;l  i-  -s  a  rosi  ctor  to  inject  the 
■f  ■^onn'Vtinn  to  the  bias  sources,  if 
nail  Cner.;  ares  with  Z  ;  a  l-ohn.  re- 
A  sln'ws  a  dot’-ctor  circuit  for  the 
:,iu:trw-  uoF'ct  m  or  a  bolometer, 
i-'  c.haracteristic  in. ne dance  of  the 


in-.. 


i-ia 


Th'-  :  ian  s  :ppli‘.:.'  pro  i  :ce  the  biasing  voltages 
requires  for  its  ■  peratien.  The  inter. .al  in.ne  iance  of  ea.di 
negligible  Cv)rnpared  v;it:i  its  laid  impedance. 

3.  0  iwv.’-iloiso  Amplifier. 


The  low-noise  amplifier  an;plifies  the  signal  received  from  the  detector  cir¬ 
cuit  to  a  level  where  it  may  be  filtered  and  measured  without  appreciable  introduction 


ento  that  the  detector 
v.cltago  supply  shall  be 
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of  additional  noise.  The  low-noise  amplifier  shall  have  stable  gain  and,  preferably, 
anlforrn  gain  over  Uir'  range  over  which  the  responsivity  is  to  be  measured. 

3.  6  Tunable  Filter. 


The  tunable  filter  shall  iiave  a  center  frequency  that  can  be  varied  over 
the  range  over  which  the  responsivity  is  to  be  measured.  The  tunable  filter  shall 
have  stable  gain,  and  the  maximum  gain  g^j^,  shall  preferably  be  independent  of  the 
tuning  of  the  filter  and  shall  not  vary  irregularly  as  the  center  frequency  is  varied. 
V/hen  used  in  connection  with  the  mea.-;urement  of  the  responsivity,  the  tunable  filter 
shall  have  a  gain  g(v)  that  is  negligible  com.pared  to  g(f)  when  v  is  equal  to  any  of 
the  harm.onics  of  f  (see  2.  P..2).  When  used  in  connection  with  mieasuring  the  power 
spectrum  of  the  detector  noise,  the  tunable  filter  shall  have  a  bandwidth  /'v  that  is 
not  rrreater  than  thn  larger  of  T  cps  and  0.  ?,.32\gr.  (The  condition  Av  =  0.232  v^^ 
jorrosi.onds  to  a  ono-tliird  jctave  filter.) 

3.7  Multiranne  VoUm.eter. 


Ti'.e  -c.ultirar.g'''  7:ltri;eler  rneasiiros  the  si.'rnal  voltages  and  the  noise  voltages 
The  '‘ali'rr'-.ticr.  of  ti'io  voltm.oter  shall  h-'-  V.vs'Kr.  over  the  range  over  which  the  re- 
spensivity  an..  r.ci.se  are  to  bo  m.easured.  This  voltm.eter  preferably  vail  be  of  the 
ty:  <;•  that  the  true  roct-mcan-square  an-.plitude  of  an  arbitrary  waveform. 

(If  "i.c-  ’mltrnotcr  i.s  ci  the  common  type  that  is  calibrated  to  read  the  rms  amplitude 
of  a  .-iric  wav'  but  tha*;  actually  n'.ea.oures  the  time  average  of  the  absolute  value  of 
the  iifforonce  between  the  instanta.neous  voltage  and  the  time  average  voltage,  the 
n.'-’t-m  will  read  lew  by  the  factor  *  0.  C'092  on  a  noise  v;ith  a  .liaussian  dis- 

trib  Tien  of  an.rlitudes. ) 


The  nci.ee  bandwidth  f  (defined  by  oq,:atior.  2.3  -4)  of  the  combination  of  low- 
noi.se  amplifier,  tunable  filter,  ar.d  voltm.eter  shall  be  known  as  a  function  of  the 
frequ^wy  .sotTng  of  the  tunable  filter.  If  the  l.jw-noise  amiplifier  and  the  voltmeter 
have  gain..":  that  are  independent  of  frequency,  the  over -all  noise  bandwidth  is  the 
san.e  as  the  "'li.ue  bandwicth  :f  the  tun.ablo  filter. 


3 .  3  Fadiatior.  sources . 

d'he  test  laboratory  shall  use  the  following  three  radiation  sources. 

3. 3. 1  .Black-Sody  3o';rce:  The  black-body  source  shall  be  chopped  and  stable 
in  tem.pcrature.  The  chopper  m.ay  be  for  a  single  fixed  frequency  fc.  The  black- 
body  source  shall  produce  an  accurately  knovm  spectral  irradiance  in  the  adopted 
reference  plane  of  the  detector,  and  tae  irradiance  shall  be  uniform;  over  the  area 
of  the  detector.  The  measure  of  the  spectral  irradiance  tliat  shall  be  known  is  the 
rms  am.plitude  of  the  fundam.ental  component  of  the  spectral  irradiance.  This  am¬ 
plitude  is  denoted  K-^  rm.s-  th®  proce.ss  of  determining  H\  miS)  the  radiation 
from,  the  chopper  must  be  taken  into  account.  Fiirtherm.ore,  if  radiation  filters 
are  used  to  elindnate  radiation  outside  of  a  chosen  factorability  band,  the  absorp- 
tance  and  emittance  of  the  filter  must  be  taken  into  account.  The  result  of  cor¬ 
recting  for  the  chopper  radiation  (and  for  a  filter,  if  used)  is  a  spectral  irradiance 
that  does  not  match  exactly  the  spectral  irradiance  of  any  black  body. 
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The  total  irradiance  is  given  by: 

^'Tms  ~  i  (3.8.1) 

0 

The  means  used  to  secure  an  accurate  calibration  of  the  black-body  source  lie  out¬ 
side  the  scope  of  this  standard  which  requires  only  that  the  best  available  physical 
procedures  be  used. 

3. 8.  2  Monochromatic  Source:  The  monochromatic  source  shall  consist  of  a 
stable  source  of  radiation  and  a  monochromator  (preferably  double-pass)  with  a 
chopper  placed  between  the  source  and  the  monochromater.  The  source  shall  be 
capable  of  providing  a  wavelength  band  of  radiation  that  is  not  wider  than  one- 
thirtieth  of  the  center  wavelength.  The  chopper  may  be  for  a  single  fixed  frequency 
which  shall  be  the  same  as  the  frequency  fc  of  the  black-body  source.  When  feasible, 
the  irradiance  produced  by  the  rnonocimomatic  scarce  shall  be  uniforn;  over  the  re¬ 
sponsive  surface  of  the  detector. 

3.8.  3  Variable -Frequency  Source:  The  variable-frequency  source  shall  con¬ 
sist  of  a  stable  .source  of  radiation  and  a  variable-frequency  chopper.  In  most  cases, 
the  source  of  radiation  v/ill  be  a  black-body  source  equipped,  v;hen  necessary,  with 
a  factorability  filter.  Several  soimces  may  bo  us.od  to  cover  the  entire  frequency 
range  of  interest;  but,  if  several  are  usea,  their  frequency  ranges  must  overlap. 

The  irradiance  produced  by  the  variable-frequo.ncy  source  shall  be  uniform  over 
the  respoiisive  surface  of  the  detector.  The  frequency  of  the  variable -frequency 
source  need  :'.ot  be  continuously  adju.stable;  a  series  of  fixed  frequencies  may  be 
used. 


3.9  The rm.al  Detector. 


The  test  laboratory  shall  use  a  thorn;al  '’v/toctor  for  calibratic:;. 

The  variation  v.'ith  v/avelength  of  the  respo.nsivity  of  the  thermal  detector  shall 
be  known  as  accurately  as  possible.  Although  the  method  of  calibrating  such  a 
detector  is  beyond  tlie  scope  of  this  star.dard,  the  follovnng  suggestions  m.ay  be  of 
some  value. 

It  is  .juggested  that  one  star.dard  laboratory  in  each  cou:‘tr7  establish  a  refer¬ 
ence  thermal  detector.  Each  test  laboratory  can  then  calibrate  its  own  thermal 
detector  against  the  reference  detector.  A  po.ssible  method  of  obtaining  a  reference 
detector  is  by  a  process  of  eliminatio;:  among  several  detectors  of  a  type  known  to 
have  an  emissivity  appro:<irnately  independent  of  v/avelength.  This  exercise  can  be 
coupled  vTth  the  calibration  of  a  black-body  source.  The  variation  with  temperature 
of  the  spectral  radiance  of  a  black-body  source  is  calculable,  and  the  variation  of 
the  total  radiance  with  temperature  and  wavelength  provide.';  po.ssibilities  for  com¬ 
parison  of  the  absorptance-versus-wavelength  function  of  several  thermal  detectors. 

3.  10  Equipment  for  Measuring  Imipedancc  and  Other  Circuit  Elem.ents. 

The  test  laboratory  .shall  have  the  usual  equipn:ent  needed  to  measure  the  im¬ 
pedance  of  the  detector  and  other  circuit  elements.  It  shall  also  have  the  equipment 
required  to  keep  the  other  equipment  in  calibration.  In  particular,  the  test  labor¬ 
atory  shall  have  equipment  to  calibrate  the  output  of  the  signal  generator. 
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The  Detector  Circuit:  Electrical  Equipment  Connections 


!S.1j  Equiprr.enL  for  Measuring  i\c:;potR;ivity  CoiiLourn. 

The  tost  laboratory  shall  have  n)eans  for  irradiating  a  very  small  spot  on  the 
surface  of  the  detector.  This  device  shall  consist  of  a  source,  a  chopper,  and  a 
microscope  equipped  with  a  mechanical  .stage  and  shall  have  provision  for  inserting 
facto]-ability  filters.  Rcflectio.n-type  objectives  shall  be  used. 

3. 12  Equipm.cnt  for  Moa.suring  Pulse  Time  Constants. 

If  pulse  time  comstants  are  to  be  measured,  the  test  laboratory  shall  have 
appropriate  equipment,  including  a  wide-band  am.plifier  and  oscilloscope. 


4.  STANDARD  TEST  PROCEDURES 

"Tiis  secti  '.:.  re.‘omir:0;.d.;  a  straight-forward  set  (jf  test  procedures  that  surn- 
!:;arise  '■  the  m.os.t  advanced  methnd.;  of  the  current  state  of  the  art  according  to  the 
rcg.resontatives  of  a  number  rf  te.;t  laboratr  rios.  Other  test  procedures  than  those 
rocon. mended  iiei-e  may  bo  ompleye-d;  b  ;t,  if  ^iopact  ires  are  made  from  -che  recorr.- 
n.cnciod  r  rcco  lures,  tin-  tost  la'ooratory  n.akii.g  the  d'-partures  must  assume  the 
burden  of  establishing,  by  actual  test,  that  the  modified  procedures  give  results  of 
equivalent  accuran/.  i-'urthern.ore,  if  prccodures  arc  employed  that  differ  from 
these  (iesuribod  iun-'dr.,  the  departures  .;hall  ies  ;ribe:i  in  the  standard  report  or 
in  the  ox;  lanatior.  that  •mcorni  anios  tim'  star,  iaru  rop'.-rt  (.see  .section  C). 
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n  .n.-.u'i  -al  into uratiun. 


(1)  The  ir.easnrcment  of  the  responsivily  involves  the  ime  of  the  faclorability 
property,  lor  those  detectors  where  this  prv)porty  doc.:  not  hold  for  t!ie  entire 
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range  of  wavelengths  that  may  be  of  interest,  the  black-body  source  and  the  variable- 
frequency  so'urce  shall  both  be  equipped  with  a  factorability  filter  that  confines  the 
radiation  to  one  of  the  bands  of  wavelengths  within  which  the  factorability  property 
holds. 

(2)  The  first  step  is  to  establish  approximate  values  of  the  peak  wavelength 
Xp,  the  peak  modulation  frequency  fp,  and  the  optimum  bias  bp  (or  biases,  if  there 
are  more  than  one).  Experience  wim  sim.ilar  detectors  will  usually  indicate  a  first 
approximation  for  Xp  and  fp.  The  determination  of  is  easier  than  of  the  others 
since  no  noise  measurements  need  be  made.  Then,  with  tne;  variable -frequency 
source,  equipped  with  a  factorability  filter  if  needed,  the  modulation  frequency  and 
the  bias  are  adjusted  independently  until  the  values  are  found  that  simultaneously 
maximize  the  detectivity  Di.  Thus,  one  finds  ^p,  fp,  and  bp.  The  detailed  pro¬ 
cedures  to  be  used  in  tliis  step  are  identical  with  those  described  in  the  sections 

4. 1  tlirough  4.  3.  It  may  be  that  the  optimium  bias  b^  will  exceed  the  manufacturer's 
m.axim.ufn  recomitnendei  bias  for  continuous  operation.  In  such  event,  the  maximum 
recommiended  bias  shall  be  used  instead  of  b^.  The  actual  value  of  fp  may  be 
greater  than  the  highest  frequency  fp  available  v/ith  the  variable-frequency  chopper. 

In  such  event,  the  results  shall  be  given  for  the  freq  lency  fp  instead  of  f,j,  and  the 
peak  vvavelength  ^p  and  peak  bias  bp  -will  then  be  redefir.ed  as  the  wavelength  and 
bias  that  rr.aximaze  D*(\,fp). 

(3)  With  the  bias  set  at  b,j  and  the  tunable  filter  set  at  f^^,  the  black-body 
source,  equipped  vath  a  factoralDility  filter  if  needed,  is  used  to  irradiate  the  de¬ 
tector,  with  the  signal  generator  set  at  zero  output.  The  reading  E  of  the  multi¬ 
range  voltmeter  is  noted.  Then  the  irradiation  is  removed,  the  signal  generator  is 
set  to  the  frequei.cy  an.d  the  attenuator  is  adjusted  to  the  value  that  gives  the 
sam.e  reading  E  on  the  m.ultirange  voltmeter.  The  ope-n-circuif-detectcr  signal 
voltage  ,.^g  is  tlie  voltage  across  the  calibrating  resistor  Real- 

(4)  The  power  incident  on  the  adopted  re.spc.nsive  area  of  the  detector 

is  obteined  from,  the  know::  irradianoe  upon  multiplication  by  the  adopted  area 

^rm.s  "■'  -^a^^rms  ^ 

The  corresponding  re.spor.sivity  is  given  by: 

P  s,  rn.s  (4. 1  -4b) 

- D - 

-"^rms 

where  the  subscript  j.;  is  used  (instead  of  the  more  obvious  bb)  to  emphasize  that 
the  spectrum,  of  the  radiation  produced  by  the  black-body  source  is  not  necessarily  a 
a  black-body  spectrum. 

(5)  With  the  bias  set  at  bp  and  the  tunable  filter  set  at  fg,  the  detector  is 
irradiated  by  the  m:onochrom.atic  source.  The  center  wavelen.gth  of  the  m.ono- 
chromator  is  then  varied  over  the  w'avelength  range  of  interest,  and  the  relative 
signal  voltage  Eg  indicated  by  the  multirange  voltmeter  is  recorded  as  a  func¬ 
tion  of  wavelengtli.  The  detector  under  test  is  then  replaced  by  the  therm.al  detector, 
and  the  relative  signal  voltage  Es  rms  th  is  recorded  as  a  function  of  the  wave¬ 
length. 
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(6)  The  relative  responsivity  is  then  calculated  by; 

L(J^  _^s,rms^(A.)  /4_  ^  _g^ 

Es,  rms,  th 

as  a  function  of  the  wavelength,  where  e  ('\.)  is  the  relative  responsivity  of  the  thermal 
detector  if  it  is  known  to  differ  from  a  constant. 

(The  determination  of  the  ratio  of  voltages  in  the  last  equation  is  tedious  if  it 
is  done  manually  for  each  wavelength.  Several  methods  have  been  used  to  record 
L(,\,)  directly.  One  of  these  metliods  uses  a  modification  of  a  commercial  double¬ 
beam.  infrared  spectrometer.  In  this  m.odification,  the  radiation  falls  alternately 
on  the  tv/o  detectors,  with  a  frequency  of  alternation  equal  to  f^.  The  two  output 
j  voltages  are  then  com.pared  a.nd  actuate  a  servo  system  that  m;oves  a  nonselective 
attenuator--a  comb,  for  exam.ple--in  the  path  of  the  radiation  to  the  thermal  de¬ 
tector,  so  that  the  tw'o  output  voltages  have  a  constant  ratio.  The  chart  of  the  spec¬ 
trometer  then  records  L(x)  directly.) 


(7)  Vv'ith  the  bias  set  at  bp,  the  variable-frequency  source,  equipped  with  a 
factorability  filter  if  needed,  is"  used  to  irradiate  the  detector.  As  the  frequency 
of  the  source  is  varied,  the  center  frequency  of  the  tunable  filter  is  continuously 
adjusted  to  the  chopping  frequency.  The  signal  voltage  Eg  read  on  the  m.ulti- 
range  voltmeter  is  recorded  as  a  f:inction  of  the  frequency!  The  source  is  then 
rem.oved,  and  the  signal  gcr.crator  vTth  a  fb:ed  attenuator  setting  is  varied  over  the 
same  range  of  frequencies.  As  the  frequency  is  \^ried,  the  center  frequency  of 
the  t  mable  filter  is  continuou.siy  adjusted  to  the  same  frequency.  The  voltage 


Ep  pjng  read  or.  the  multirar.ge  voltmeter  is  recorded  as  a  function  of  frequency. 

(If  a  chopper  i.o  employed  that  mod  ilates  the  radiation  sinusoidally,  so  'that  P2,  P3, 
P4,  etc. ,  of  equation  2.2  -9a  are  all  zero,  then  the  tunable  filter  may  be  removed 


iromi  the  electi-onic  system..  This  method  provides  an  appreciable  simplification 
of  the  m.etnod  of  rr.eas’ureme:.t. ) 


(3)  The  relative  responsivity  F(f)  is  then  ccm.puted  by: 


Eg  i.jpse(f) 

F(ij  =  —4 - 


(4. 1  -8) 


where  e(f)  is  the  relative  voltage  prcduced  by  the  signal  generator  if  the  voltage  is 
not  toe  same  at  all  frequencies. 


(9)  From,  the  experim.er.tal  results  described  in  foregoing  paragraphs  (4), 

(6),  and  (S)  the  absolute  responsivity  as  a  function  of  the  v/avelength  and  the  modu¬ 
lation  frequency  f  is  given  by: 

R(■^,f)  =  F.-;;  •  ^^^^^rm.s  .  -  (4. 1  -9) 

J  L(x)P\j  rms^'^  E(fc) 


where  P;^_  is  the  spectral  power  of  F^rns-  Fote  that  the  value  of  R(^,f)  is  not 
changed  if  either  L(x)  or  F(f)  is  multiplied  by  a  constant.  Nor  is  R(A.,f)  changed  if 
Prms  P;^^  pppg  are  multiplied  by  the  same  constant. 
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(10)  The  responsivity  Rni(f)  at  the  peak  wa.yclencrth  )Lp  (involved  in  figure  1 
described  in  section  b.  4. 1)  is  given  by: 


RmW  =  R.n  _ ■  —L 

j  L(/v)P\^  rnisdA.  F(fc) 


(4. 1  -10) 


(11)  The  responsivity  ratio  R,,(/l)/R  jp_  _  involved  in  figure  3  described  in  sec¬ 
tion  5.  4. 1  is  given  by: 


RkU)  =  L(0 
1  \  ry;  ,  LT^uI 


(4.  1  -11) 


4.k  The  Noise. 


1:'.  the  n:ea:-;uron:ent  of  the  noise  of  a  radiation  detector,  good  judgment  and 
e;'::  erio:.  'e  ai’o  o.;.n::'.ti.'d  for  e;'.saririg  that  the  only  noise  that  appears  at  the  multi- 
rariOf-'  vTtmeter  is  that  generated  ii.  liic*  -.ieU'ctor  a:,  J  in  the  amplifier.  Continuous 
vigila:.ce  is  roq^iro.i  t;  prevent  otiicr  ;;o  :roo.u  oi  !.oise  fron.  i.nfluencing  the  results. 
I;,  partic  ;-lar,  the  bias  s  inplies  must  :iot  so:. tribute  appreciable  noise. 

(1)  V/ith  t’!'  bian  set  at  b.  ,  v.-ith  all  of  the  radiation  so  irce.s  rem.oved,  and 
■.vith  Uic  .u  seal  gom'u-at  r  pred  icing  zero  srrs.al,  the  root-triear.-.sq  uare  noise  voltage 
i:vii,:ato  i  by  the  ;.'.  ;ltira:.ge  •.oltmeter  is  recorJe^i  as  a  funcLio.n  of  the  center  fre- 
ci  ;o!.cv  'I  t:;e  t ::  aid--  filter.  TIk-  v...ldi  ;o  read  1;  denoted  Er, 

(l)  I  n-  -  si  s.al  generator  is  .iet  t.  the  freq  :ency  at  v;hich  t:ie  I  suable  filter 
;:as  a:,  i  the  atte:’saV-r  is  adj.:sted  to  Uic  value  that  produces  on  the 

Itiran;:''  voitm-  'Or  a  r-'-a  ii;.;  that  i;'  N  tin.-js  E  vv:.s  •  uor...ta:.t  ?i  1;  the 
sa:;.e  start  f  ir  ail  freq  ien  nes  a:.i  is  prcivrabi^  taken  i;.  the  range  from.  10  to 
li'T.  Ts’,^  ■.•ult'i.ge  au-ros.;  the  calikrati.ng  rc-slotrr  Real  It  denoted  '.'c^rrns- 

(3)  T’io  .;i  ::.ai  g-':.-;.'at  .r  is  ret;r;!ed  to  zer.^  j  ;tp  .t  and  the  t.rininal.u  jf  the 
dot''-tor  are  c_'iu:.e  :tod  together  so  that  the  uot‘^ct:r  l.u  electrically  short  circuited, 
in--  !’ooi-n;-an-  ;q  ;are  noise  volta  i:.dicatod  by  the  rnultirange  voltmeter  is  re- 
cor  ie.i  as  a  funuti  -of  the  •enter  fr  ‘O  ;ency  -of  th--  tunable  filter.  The  voltage  read 


(4)  Th--  ro  t ;  over  sp-;Ctr  :n.  ii  (v'hi';.  is  r--Trrr-?d  to  ti;e  terminals  of  the 
cotector,  r'-ferr-^ :  to  an  infi:.ite  load  in.;  e  ia;:c-  ,  and  corrected  for  amplifier  noise) 
is  :aicuiatei  :;v  li.v  f^rn.ula: 


V  =  '•  -  t'i  V;  rnus 
(h-:  -  :)• 


(4.2  -4a) 


(4.  2  -lb) 


and  v;hero  /  :  is  li.o  r.oise  ba;. dvidt;.  at  th-  -  freq  ;-c:!  •;.’  f. 

(C)  For  freq  ;oncio3  at  whici.  tiic-  ratio  1:  close  tc  :nity,  the  two  -voltages 
Esh,  rrns  3-cd  Eq^  p^cs  -ohould  be  rr.eas.;red  clo.;e  togethur  i:u  tin:e  in  order  to  reduce 
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the  effect  of  draft  in  the  gain  of  the  measuring  equipment.  At  frequencies  where 
the  difference  between  k  and  unity  cannot  be  measured  reliably,  the  root  pov>/er 
specmuin  and  the  detectivity  cannot  be  measured  with  the  equipment  used. 

4.  3  The  Detectivity. 

The  various  kinds  of  detectivity  are  all  calculated  from  the  responsivity 
R(A.,f)  (see  equation  4. 1  -9)  and'  the  root  power  spectrum  N(f)  (see  equations  4.2  -4a 
and  b). 

4.  4  Specifications  on  the  Data  Plotted  in  Figure  4. 

The  data  plotted  in  figure  4  of  the  standard  report  (see  5.  4. 1  and  Appendix  A) 
shall  be  m.easured  with  the  variable-frequency  source,  equipped  with  a  factorability 
filter  if  needed,  with  the  modulation  frequency  fp. 

The  curve  labeled  E  shall  indicate  the  relative  responsivity  as  the  bias  b  is 
varied,  the  arbitrary  multiplicative  constant  to  be  the  same  for  all  of  the  biases. 

If  the  im.pedance  of  the  detector  and  of  the  other  elements  in  the  detector  circuit  do 
net  v'ary  as  the  bias  is  varied,  then  the  relative  responsivity  is  proportional  to  the 
output  voltage  Eg  of  the  amqjlifier.  But  if  any  of  these  impedances  do  vary, 
then  both  Eg  and  E^  ^,^.3  shall  be  mieasured  at  each  '/alue  of  the  bias  and  the 
ratio  taken  in  accordance’  with  equation  4. 1  -8. 

The  curve  labeled  N  shall  indicate  the  relative  root  pov/er  spectrum;  of  the 
.noise  at  the  frequency  fv  as  the  bias  is  varied,  the  arbitrary  multiplicative  constant 
to  be  the  sam;e  for  all  cf  the  bia.ses. 

The  curve  labeled  s.hall  be  the  ratio  E/N. 

The  values  of  the  idas  shall  cover  the  ra;;ge  from  a  value  not  miore  than  one- 
tenth  of  the  optim.'im.  bias  bp  up  to  the  m:axim.urr.  bias  b{7-_. 

4.  c  Measurement  of  Eespo'.sivity  Conbur.s. 

'^he  definition  of  the  effective  area  Aq  of  a  detector  involves  the  m.easurement 
of  the  responsivity  E(x,  y)  for  radiation  that  falls  on  a  very  small  area  centered  at 
the  point  x,  y  of  the  responsive  plane. 

The  m.ethod  of  nieasurir.g  R(>:,  y)  is  not  yet  ready  for  full  standardization. 

Seme  steps  toward  the  standardization  are  given  in  this  section,  however. 

(1)  The  microscope  used  to  foe  is  the  radiatioii  on  the  detector  shall  be  of  the 
reflection  type.  Refractive  microscopes  cannot  pass  the  long-wavelength  radiation 
tha*-  must  be  used  with  some  detectors  v/aose  longest  wavelength  factorability  band 
comprises  no  wavelo'.gths  shorter  than  2  or  3  microns. 

(2)  The  effective  size  of  the  spot  of  radiation  shall  be  5  to  10  microns  in 
diameter. 

(3)  Extreme  care  shall  be  exercised  to  ensure  that  the  detector  is  not  respond¬ 
ing  nonlinearly  to  the  radiation.  The  large  numerical  aperture  that  is  usually  used 
with  a  microscipe  m.akes  it  easy  to  produce  a  very  high  irradiation  of  the  spot. 
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4.6  Otlier  Measure  men Ls. 


The  tr.ethori::  used  to  measure  the  im.pedance,  resistance,  and  capacity  of  the 
detector  are  too  well  known  to  require  detailed  description  here.  These  parameters 
shall  be  measured  at  the  optimum  bias  bp. 

. The  metliod  of  measuring  the  pulse  time  constant  is  not  ready  for  standardiza¬ 
tion.  At  present  only  ronnh  ualues  are  quoted;  and,  until  higher  accuracy  is  felt  to 
be  needed,  standardization  is  not  required.  Pulse  measurements  are  not  recom¬ 
mended  unless  the  time  constant  is  so  short  that  it  cannot  be  measured  by  the 
methods  described  in  2. 13  (1)  through  (4). 


5.  THE  STANDARD  REPORT 

5. 1  Description  of  Detector. 

A.  Descriptiun  of  Detector  in  the  stauidard  report  shall  list  as  many  of  the 
following  item.s  as  is  feasible: 

(1)  Ty:  e  cf  detector--e.  g,,  PbS  evaporated  film  detector;  thermistor 
bolometer;  I:.3l  photoelectrom.agruetic  detector. 

(l:)  Dame  and  addres.s  of  n.anufacturer 

(3)  Icien.tification  number  and  serial  i.urr.ber 

(4)  Date  of  ma:.iiacturo* 

(6)  Date  cf  test 

{(')  Electi’ode  material* 

(7)  Vvir.dcw  n'.aterial  (a.nd  thickness  i:;  cm  if  known)* 

(i)  nominal  size  and  .shape  of  the  responsive  area  (in  err  and  cm^) 

(b)  Dc.mi.nal  ro;jp'Cn.c.ive  area  in  cmn'-i 
(Id)  Mar;UiactL;ror'.>  roconnnner.ded  bias  for  cptimun.  signal/iioise  ratio* 

(11)  ManiLfact'U’er recorun;endcd  rr.a,:cim.um.  bia.s  for  con.tinuous  operation* 

(12)  i.'ominal  electrical  resistance  under  recommended  eperating  conditions 
(IS)  Dorni:'.al  weighled  solid  angle  (in  steradians) 

(14)  r'moductior.  .otat  ;s--e.  g. ,  random  sample  from  production  batch* 

(1[)  De.ocription  of  the  physical  size  and  .shape  of  t!ie  complete  detector 

(tills  .s.hould  preferably  inebnie  c:vj  or  more  photographs  or  sketches 
with  tine  principal  iirnei.sions  ir.dicated) 

b.2  Conditio:. s  of  Measurement. 


B,  Conditions  of  Measurem.ent  in  the  standard  report  shall  list  the  following 
items  with  resnect  to  the  test  conditions: 


(1)  Detector  temperature  T  (ten.peratiu-’:-  of  coola.ut  i.n  derp-ces  Kelvin  if 
detector  is  cooled  or  arr.bieiit  temperature  in  dcgree.s  Kelvin  if  detector  is  not 
coded)  /^.67 

(2)  Adopted  area  in  square  centimeters  /2.  4(6)(b_)7 

(3)  Position  of  adopted  responsive  plane  if  it  is  not  obvious  /2.  4(1)  -  (3_)/ 


*As  stated  by  the  manufacturer. 
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(4)  Adopted  weighted  solid  angle  .<3^  in  steradians  /2.  4(7)(b)7 

(Tj)  The  bias  used  in  the  test,  tf  any  /2.  7(1),  4.  1(2)7 

(6)  The  temperature  of  the  black-body  sosirce  used  in  the  measurement  of 
the  absolute  responsivity,  in  degrees  Kelvin  /3.  8.  1^7 

(7)  Description  of  the  way  that  the  spectral  irradiance  provided  by  the  black- 
body  source  differs  from  an  ideal  black-body  source:  effect  of  mirrors  and/or  filters, 
including  tlie  factorability  filter,  if  used  /3.  8.  1^7 

(8)  The  chopping  frequency  f of  the  black-!>ody  source  /3.  8. 1^7 

(9)  Descriptior.  of  the  spoctr-.!!.  T  the  radiation  isou  Lu  measure  the  relative- 

responsivity-vez’Sus-U'equency  c  .rve  /2.  37 

(10)  The  chopping  frequeiicv  f-.  :seci  to  tnoas  irn  tne  relative-responsivity- 
versus-wavelength  curve  /3.  c.k? 

(11)  Doscri:  lion  cf  the  annider.t  ra‘.liatior:  iiicider.t  on  the  detector.  In  many 

ca.30.3,  this  v.’il.  ::o;;:;ist  of  tiiO  tern:  ornuro  of  th'-  '>;:je:'t.3  within  the  solid  angle  of 
the  ^iotector  /k.  ,3(4),  4(7_)7 

(12)  d'h'-  n:  .u-uinu  fr-oa  rv  f .  ;  t:  rn-a.;  .r :  the  data  ir.  ficure  4  (see  section 

t.4.1). 

(13)  De.>:ri;. ti  of  the  r-a  iiali  n  :  to  ;;,va.: ur^  the  oata  in  figure  4  (sec  sec- 
ti-c.  n.  4.  1) 

(14)  1:  a  inu.ji:  i.;  .;o :  ov-c  thv  lot'; ‘lor  D  lin.it  the  area  that  is  irradiated,  a 
descri:  tier  :f  the  noask  incDdin;  a  :;k^Tch,  if  :.’--'--os3ary. 

1.3  :;.:,ut  rirouit. 


■1'.  I:.p  :t  Circ oit  c:  the  .ike.  iar  i  rei.ort  :d:ali  in :1 ;  ie  a  dia.gra:r;  of  the  input 
rirj  :it  .;:;o  i  in  the  b-st.  Inis  ira;rr-:;-;.  .n.atl  .o;::c,v  t;.  -  :o:ect;.r;  its  bias  soinply,  if 


any  a:.  ;  it,;  ’o:.:;orti.  n  to  tne  fir.T  .Tage  .f  tire  a::.'  ILfrnr.  d  he  diagram  shall  also 
.no:w  the  '.vay  th-  ualiijrat: c.  V  ibi  m  i.;  ir.tr  i  .c-mi.  d'h',-  oal.u.;  cf  all  important 
::;;pc:.onts  o'hall  be  t:.d!  rat-  (id  g  m-  n  ::  A:  ; -^r.di:':  A  .ongge.'rts  what  is  needed 
here. ) 


Con. m, 1;  d  i:)  the- in:  Tr  rui:  that  may  ire  rnfarr.iliar  t  vrorkers  in 
other  :o  mtrio.:  rr.ay  be  rer-mreu  to  -y  Ih-  maionfact  sum's  ty:.-,-  er,  but  the 
..taniard  report  shall  al;r,  in-1  sie  a  :  rdef  ie.rs’i;  tin.  cf  thi-  el- rtr'i -0,1  characteristics 
ef  ;n.;ch  cemponents.  This  is  part;.:  :larly  ir;rporla;.t  f.^r  tra:.s: ormer.5.  The  input 
ii:.pedance  of  an  inn  .t  transf:,r;nor  ;:ha]l  be  ..rtate.i  at  n.11  fren  :e:.cier:  of  interest. 

If  the  pul;oe_  tin.o  oonstrr.t  i.o  n.'-a.rrrod,  the  .ot;in  iard  rr;  ort  shall  state  the 
load  re;;i.;tance  H:  ..sol  ir.  t:ie  tost. 


If  the  rr.ethoci  of  correctin  :  for  the  ;,oise  of  U;o  low-noise  ar.nplifier  differs 
from  that  do.s  vribod  in  se-tion  4.2  the  n.cthod  imo ;  :.n-iall  :)0  described  in  ietail. 


5.  4  Standard  Test  Results. 


5. 4. 1  Plots:  In  the  standard  report,  section  D  shall  contain  four  plots: 

Figure  l--Responsivity  vs  Frequency:  This  is  a  plot  with  logarithmic 
scales,  the  ordinate  to  be  the  responsivity  Rm(f)  in  volts  per  vyatt  and  the  abscissa 
to  be  the  modulation  frequency  f  in  cycles  per  second.  The  plot  is  to  be  for  the 
optimum  bias  and  for  the  peak  wavelength  x.p. 

Figure  2 --Root  Pov;er  Spectrum  of  the  Noise:  This  is  a  plot  with  ^ 
logarithmic  scales,  tlie  ordinate  to  be  the  root  power  spectrum.  N  in  volts/(cp3)i" 
and  the  abscissa  to  be  tlie  frequency  in  cycles  per  second.  The  plot  shall  be  for 
the  optin;un:  bias. 

Figure  3:  This  is  a  plot  with  a  logarithmic  ordinate  scale  and  a  linear 
or  logarithmic  abscissa  scale  with  the  responsivity  R,, (A.)/Rtr]u  as  the  ordinate  and 
the  wavelength  x  as  the  absicissa.  The  curve  shall  be  for  optimum  bias  and  for  the 
peak  m.odulation  frequency  f.,.  The  curve  shall  have  a  maximum  ^/alue  of  unity  and 
the  ordinate  shall  be  labeled  "Relative  Scale  for  R  and  D. "  (Optionally,  a  reciprocal 
scale  may  be  shown  or.  the  right-hand  ordinate  and  labeled  "Relative  Scale  for  Pjg, 
Jones  3"  if  the  test  laboratory  chooses  to  tabulate  these  quantities  also.) 
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Figure  4--Determination  of  Optimum  Bias:  This  is  a  plot  with  logarith- 
:ic  scale.'-.  The  abscirjsa  is  the  bias  for  all  of  the  curves.  The  plot  shov.-'s  three 
-ur’;-''s  labeled  ?,  a.-.d  Tm  The  first  curve  shev^s  the  re.3por.sivity  R  measured 

in  arbib-ary  vm.it  at  the  freq-iency  f._;  with  radiatio;-.  limited  tc  the  factorability  range. 
The  .secG;'.'i  ■  .>'-.cw.3  U'.e  root  power  spectrrm  T  measured  in  arbitrary  units  at 

the  freq  iermy  f.,.  The  'bird  curve,  label od  Tq,  z:\qvj3  trie  ratio  R/F. 


data  cc;.cer:u;rg  test  results 


a'oular  Data:  '.  he  star.dar:;  report  .shall  contain  the  following  tabular 


(1)  Slc-ti’ical  resistance  R 

(2)  Electi’ical  capacity  C  in 


in  ohms  at  the  optimum  bias  /2.  C(3)7. 
microfarads  at  the  optimum  bias  /2.  5(5)7. 


(.3)  V/avele:.gth  in  microns  /2. 11(6),  4. 1(2)7 

(4)  Frequency  fr,  in  cps  or  the  frequency  fh  used  in  the  measurem.ents 
for  figures  3  and  4  if  the  peak'  frequ.ency  f^  ca.nr.ot  be  reached  by  the  variable-fre¬ 
quency  source  /,2. 11(G),  4.  1(2_)/. 


(5)  Re.spo:'.3ive  time  cometant  ~r  ii.  seconds 
the  chopping  frequencies  ao'ailable /'S.  13(3)7 


if  it  can  be  m.easured  with 


(6)  The  detective  time  constant  -rq^in  seconds  if  it  can  be  measured 
with  the  chopping  frequencies  available /2. 13(4_)/, 

(7)  The  pulse  time  constant  in  seconds  if  the  above  two  time  constants 
cannot  be  m.easured  with  the  available  chopping  frequencies  /2. 13(7_)7  Usually  the 
pulse  time  constant  will  be  stated  only  when  items  (5)  and  (67 are  not  stated. 
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(8)  The  shant  resistance  used  in  measuring  the  pulse  time  constant. 

(9)  The  responsivity  in  volts  per  watt  [l.  9(9_)7. 

_  (10)  The  detectivity  Ditrim  ^  bandwidth  of  noise,  in  cps^/watt 

/2.  11(6)7. 

(11)  The  detectivity  in  crn-cpsVwatt /2. 11(6_)7 

(12)  The  ueLectiv'ity  D**n:m  hi  cm-cps  Vwatt  if  the  detector  is  re¬ 
frigerated  or  non-Laml>ertia;'  /2. 11(^7. 

(13)  The  ratio  R,;,.. /R  .^  /2.  9(9),  4.  1(^ 

(14)  The  encr  jy  detectivity  i-'.  cir./jcule  /2.  12(7)7 

9.  9  3/1  tional  Data  c:.  7'est  Results. 

The  standard  report  may  also  contain  any  or  all  of  the  following  optional  data: 

(1)  Additi.i.al  :urve:j  in  figuro.j  1,  £,  a:.d  5  for  biases  greater  tlian  the 
optimun.  bios;  i:.  pariic  tlar,  Lr  the  ;;.a;-:in.  m.  bias. 

(l)  A  :  i.t  -jI  R.'b,  (i)  vers  ‘d'.o  freq  .ency  f  (see  figure  5  of  Appendix  A). 

(3)  3:.v  :r  ;r.  ro  r:l:t;  shtwi:.;  the  res;,  .nsivity  R(x,y)  as  a  function  of  position 


on  the  :■  iriaco  or  th-  rusp'm.:;ive  el-mner  t. 

(4)  The  Jeteciive  q  ,a;.tu:n  efrici^.-:.:;;  3.: 

(3)  The  ii.triivTc  time  constm.t. 

The  standard  report  shall  rvT  tabulate  the  responsivity  or  the  detectivity  for 
any  .odngle  bla:r.-boJy  tornporat  :ro  or  for  ai.y  freq.:er.cy  or  v/avelength  other  than 
an.l  Ex  'option  inay  be  neado  when  the  te:nporat..re,  frequer.cy,  or  wavelength 
is  snecified  bv  the  .s'-r. 


Th"  standard  report  will  not  be  intelligible  to  the  inexperienced  user  of  de¬ 
tectors  v.'ithc  :t  serno  errplar.atior..  Thus,  a  ohert  exrlanation  should  accompany  the 
standard  report.  The  test  laboratory  will  often  prefer  to  write  its  own  explanation. 
The  follcving  brief  explanati.  n  is  Tforo  i  for  tho;oo  who  do  not  wish  to  prepare  their 
own  versio:'.. 

A.  Tie  twi  most  in.portant  a.spC'Cts  of  a;.y  radiation  detector  are  its 
respo:';slvity  (sig::al  o  ;t  divided  oy  radiation  in)  a:.d  th.e  electrical 
noise  in  Ihe  o:.tput  of  the  detector.  The  responsivity  R  depends  on 
both  the  wavelength  and  the  frequency,  an.d  the  noise  depends  only  on 
the  frequency.  Riguro  L  shows  the  root  viower  spectrum  A  of  the  noise, 
in  volts  cer  cost  (or  in  air.oeres  ner  cpsT  clotted  aaainst  the  frequency. 


B.  The  responsivity  indicates  how  much  elecLi’ical  .signal  is  produced 
for  a  given  radiation  signal,  but  does  not  indicate  hov.'  effective  the 
detector  is  for  detecting  small  amounts  of  radiation.  The  ability  of  a 
detector  to  detect  is  measured  by  the  detectivity  D.  When  the  detec¬ 
tivity  is  measured  with  a  unit  bandwidth  of  the  noise,  it  is  denoted 
Di  and  is  equal  to  R  divided  by  N: 


Di  -  R/U 


(E) 


The  detectivity  is  usually  expres.sed  in  terms  of  D*  or  D**,  which 
related  to  D-[  by 

D*  =  aJ  Di  (Ca) 

=  (Aa'  )El  (Cb) 

where  is  the  adopted  area  cf  the  detector,  and  -a  i'S  the  adopted 
weighted  .solid  angle  jf  the  df-Tcctor,  b  .th  tabulated  in  sectior.  B  of  the 
standard  report. 


D.  The  r'jsror.oivity  R,  ar.d  also  D*  and  D**,  depord  both  on  the  v;ave- 
lor.gth  v  ar.d  or.  Uie  froq  ;i-;.ncy  f.  It  is  very  av.v’.ward  to  shov,’  graphically 
a  f'ln.cti-' :.  that  depend-s  on  t'.vo  variabh'^s.  Wit'i  radiatio;*  detectors, 
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tivities  D-,  D*,  ar.d  The  values  of  R,  D],  D*,  ar.d  D**  at  the  wave- 
le;nth  and  the  freq  lot.cy  f;,  arc-  dot. clod  Rrn..  >  Dii-rn:,  E*fv;m 
r;-.  date  :  in  section  D  of  the  standard  report. 

F.  Ir.  '.rder  t.  deter.mino  the  respjn.uivity  R  for  a  wavele.ngth  and 
frequency  fp  edher  than  and  f, ,  o.ne  rrc-ceel.s  as  follows:  The 
ro.upcri.uivity  at  the  dc.sii’e'd  frequency  fp,  b”d  at  Pp,  is  read  directly 
fr-ern  fic  '.ro  1,  in  v.clt;  per  watt  (or  amperes  per  watt).  The  result 
is  then  nn  '.llit.-Iied  by  the  :.u:.nbc-r  road  -Tf  the  ordi:!ate  of  figure  .3  for 
the  wavricn-gth  vp  i;.  q;e;ution.  'I'he  I'e.mlt  i.c  the  resp..nsivity  for 
the  iesireJ  wavel'W.gd.  ^p  ami  freq  .en  fp. 

d.  Hue  incthv:  A  deternnirdr.  j  Dp,  D*,  ur  D**  for  a  wavelength  or 
frequet.cy  other  than  and  f,.  is  a  little  n.ore  con. ’plicated.  To  obtain 
any  of  these  q  ;antitios'at  Vp,  'but  at  b),  the  value  of  Dpr^_n-;,  D*r>;rr.)  or 
E^'^'m.rr:  tndjulated  in  sectioi'.  D  i.u  inultipdied  by  the  ordiiiate  of  figure 
3.  The  ro.sult  \3  then  rmiltipliod  by  the  ratio  of  the  value  of  R.-.-.(f)/N 
at  fp,  a;  -  calc.daled  from  the  curves  in  figure.;  1  and  2,  to  the  value 
of  R[r  (f)/D  at  f.„  as  -cal;  dated  fr  in.  fi  jure.u  1  an.d  ;u. 


C. 

are 


and 


1 


F..  Figure  3  shows  not  only  how  R,  D],  D*  and  D**  depend  on  the 
v/avoleiujth,  bat  also  how  D,  A,  and  a*  depend  on  the  wavelength. 
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APPENDIX  A 


Model  Report 


This  part  contains  a  model  report,  whose  purpose  is  to  illustrate  the  ap¬ 
pearance  of  a  report  that  is  prepared  in  accordance  with  this  standard.  For  this 
report  we  are  indebted  to  the  IrJrared  Division,  U.S.  Naval  Ordnance  Laboratory, 
Corona,  California. 

This  model  report  has  one  z  ihstaiTial  imr.erfectio!i;  the  measurements  of 
the  responsivity  and  the  root  pov;er  spectrurr.  v/ore  carried  out  only  to  10,  000  cps, 
and  the  actual  peak  frequency  is  slinhtly  above  10,  000  cp.s.  The  report  supposes 
that  the  peak  frequency  is  10,  000  c:  z,  with  the  re.mlt  that  the  values  of  and 

the  peak  frequency  are  slightly  i:.c-.)i': '■-ct.  F  .rtherrnore,  the  absence  of  data,  above 
the  peak  frequency  snakes  impo.s.sible  more  tha.n  a  rough  o.stimate  of  the  detective 
time  constant  and  the  er.ercry  detoftivity. 


One  feature  of  the  test  conditiorjc  to  be  nutod  i.u  that  the  optimum  bias  current 
is  greater  than  the  manufacturer'.';  ro''on.!r.on led  m.es’dmurr.  bias,  Since  the  test 
laboratory  oil  not  wish  to  exceed  this  re con.mend':-  i  maxim  .n:  Idas,  the  true  opti- 
ncuni  bias  could  not  be  :scd  in  the  tests. 


The  -ables  A,  3,  an.d  C  of  the 


model  re:  ort  c.o;.tain  t;;e  lata  called  for  in 


.sections  c.  1,  f.S,  and  m  4(2),  res:,  ectivoly.  Fig.;rc-  A  is  the  input  circuit  diagram 
required  by  section  f.  3,  and  fig  ;res  1  tin-o  .gh  4  ar^-  the  fo  .r  fin  ;res  described  in 
section  C.  4(1),  Fig  me  5,  v/hich  is  optional,  is  the  plot  s  ;ggested  in  section  5.  b(2). 
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A.  DESCRIPTION  OF  DETECTOR 


B.  CONDITIONS  OF  MEASUREMENT 


Detector  temperature,  T  -----------  77°K 

-2  2 

Adopted  area,  A----------------  2.25  ^  10  cm 

Aaoptea  reup'or.uive  pda;..-  (i'ro.-r.  wir.dow)  -  -  -  -  0.5  ueriiad  tne  wiadov 


Aaobted  Golia  ai'.gle,  .2  -  --  --  - . -1,8  steradian 

*-  ■’  a 

"0 

Bias  usei,  -  --  --  --  --  --  --  --  --  u.ox  pO  ampere 

^  (36  volts  across  ceil) 

Bj.a.;kbou'.  temperature,  T.  .  -  --  --  --  --  -  500°K 

V  A  y  p  . 


Fi_:erj 


5  :t::.  Ge  filter 


;^rce 


cps 


mea-ure  frequeucy 


.terr.st  Grower,  j.oOC*^K, 
plus  3  Ge  filter 


Ci.opi  l;.c  freq^eucy  .-eu  vit:.  t;.e  mo:.ocr.ro- 
meter,  17  -  --  --  --  --  --  --  --  --  -  cps 

Raaiati,-;.  ...-eu  te  .-.-.eas ..re  upti::;-:;;  lia-  -  -  -  -  50„°K  33  plus  3  tur.  Ge  filter 
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C.  INPUT  CIRCUIT 


In  addition  to  Figure  A,  sample  belov;,  this  section  of  the  standard  report  will 
include  the  data  called  for  in  section  5.  3  of  the  standards,  as  appropriate. 


50K  CELL  0,02mfd 


AAA/- 


I.Omfd 


-•  45v 


/^TO  TEKTRONIX 
VV  122  AMPLIFIER 


INPUT  CIRCUIT 
FIGURE  A 
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D.  TEST  RESULTS 


Electrical  recic  Laiiccj 


ElecLrical  ca])acitj,  C 


Peak  wavelo'.-'Lii^  X  __________ 

PoUr.  ;'reque;.c„.  , 


Recpo!;cive  ti::.c  :ei;.e; : 


D-.' 


V  L.’Lc 


R 

‘ 


R 


p.J  X  llj  OlU/iC 

-u 

X  iO  :nicro;'arad 


.L.>  .•■•.Lcro.’x; 


;ccond 


cecund  (ei;ti.';.accd) 


-*  ct  w  J  .L 


•  ::.;a.x.red 


•  '  X  _ cpL' *"  /  ai.u 

L.-  X  Ic*""  c;n-cx^s‘^/waLi 

.  .  .  -1 

t.;  X  ij  ru-cpi,  /'.■.•ai t 

X  10^"’  c:r, /'joule  (catic.ated) 
1.1  X  IS' 
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RESPONSIVITY  vs  FREQUENCY 


(isdo/silOA)  3SION 


(f) 
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ROOT  POWER 


'a  AllAli3313a 


(snoAOJOjUJ)  N  3SION 


m 

O 


O 


lO 

O 


(SiiOAOJOioj)  y  3SNOdS3d 
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DETERMINATION  OF  OPTIMUM  BIAS 


